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ABSTRACT 

Military  Specification  MIL-F-OO8785A  (USAF),  "Flying  Qualities  of 
Piloted  Airplanes,"  was  evaluated  by  conducting  a  detailed  comparison  of 
its  requirements  with  the  known  characteristics  of  a  modern,  high-performance, 
multi-mission  weapon  system,  the  McDonnell  Douglas  F-U,  The  comparison  was 
based  primarily  on  already  available  flight  test  data  with  pilot  comments 
or  ratings  used  to  evaluate  the  specification  requirements  for  the  various 

parameters , 

This  comparison  presents  the  basic  characteristics  of  the  F-UB,  C,  D,  E, 
and  J  models  which  includes  the  effects  of  four  types  of  longitudinal  feel 
Bystems.  Also  presented  is  the  difference  in  power  approach  characteristics 
resulting  from  incorporation  of  the  Rolls  Royce  engine  in  the  F-UK/M  aircraft. 

Flight  test  data  are  supplemented,  as  necessary,  with  analytical  evalu¬ 
ations  of  handling  qualities  parameters,  not  available  from  test  data,  which 
were  computed  from  available  F-U  aerodynamic  derivatives. 

Reliability  data,  taken  from  the  operational  history  of  the  F-U,  are 
included  to  show  the  probability  of  pertinent  primary  aircraft  systems 
failure  and/or  of  mission  abort. 

The  results  of  this  study  will  aid  in  planning  future  specification 
revision  programs,  as  well  as  in  interpreting  and  implementing  the  present 

specification . 
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Speed  for  maximum  range  in  zero  wind  conditions 
Minimum  service  speed 

High  speed,  level  flight,  military  rated  thrust 

Speed  for  maximum  rate  of  climb 

Stall  speed  (equivalent  airspeed),  at  1  g  normal 
to  the  flight  path,  defined  as  the  highest  of: 

-  speed  for  steady  straight  flight  at  CT  ,  the  first 

ii 

max 

local  maximum  of  the  curve  of  lift  coefficient 
(L/qS)  vs.  angle  of  attack  which  occurs  as  C-  is 
increased  from  zero 

-  speed  at  which  abrupt  controllable  pitching,  rolling 
or  yawing  occurs;  i.e.,  loss  of  control  about  a 
single  axis 

-  speed  at  which  intolerable  buffet  or  structural 
vibration  is  encountered 

(Note  that  3.1. 9*2.1  allows  an  alternative  definition 
of  Vg  in  some  cases . ) 

Trim  speed 

Maximum  operational  speed 
Minimum  operational  speed 
Weight  of  the  airplane,  lb 

incremental  velocity  along  the  z  reference  axis , 
ft/sec 

Body-fixed  axis  of  the  airplane,  along  the  projection 
of  the  undisturubed  (trim  or  operating-point)  velocity 
onto  the  plane  of  symmetry,  with  its  origin  at  the  c.g. 

force  along  the  x-axis,  aerodynamic  plus  thrust,  lb 
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Symbols 

y 


z 


Z 

a 


a 


s 


B 


Ag 


max 


Y 

A 


Body-fixed  axis  of  the  airplane  perpendicular  to  the 
plane  of  symmetry  directed  out  the  right  wing,  with 
its  origin  at  the  c.go 

Body-fixed  axis  of  the  airplane,  directed  downward 
perpendicular  to  the  x  and  y  axes,  with  its  origin 
at  the  c.g. 

Force  along  z-axis,  lb 

Angle  of  attack,  the  angle  in  the  plane  of  symmetry 
between  the  fuselage  reference  line  and  the  tangent 
to  the  flight  path  at  the  airplane  center  of  gravity 

The  stall  angle  of  attack  at  constant  speed  for  the 
configuration,  weight,  center-of-gravity  position 
and  external-store  combination  associated  with  a 
given  Airplane  Normal  State;  defined  as  the  highest 
of  the  following: 

-  Angle  of  attack  for  the  highest  steady  load  factor, 
normal  to  the  flight  path,  that  can  be  attained  at 
a  given  speed  or  Mach  number 

-  Angle  of  attack,  for  a  given  speed  or  Mach  number, 
at  which  abrupt  uncontrollable  pitching,  rolling  or 
yawing  occurs,  i .  e . ,  loss  of  control  about  a  single 
axis 

-  Angle  of  attack,  for  a  given  speed  or  Mach  number, 
at  which  intolerable  buffeting  is  encountered 


Sideslip  angle  at  the  center  of  gravity,  angle  between 
undisturbed  flow  and  plane  of  symmetry.  Positive, 
or  right,  sideslip  corresponds  to  incident  flow  approaching 
from  the  right  side  of  the  plane  of  symmetry 


Maximum  sideslip  excursion  at  the  c.g.,  occurring 
within  two  seconds  or  one  half-period  of  the  Dutch 
roll,  whichever  is  greater,  for  a  step  aileron-control 
command 


Climb  angle,  =  sin 


-1 


vertical  spegd  itive  for  climb 

true  airspeed 


Used  in  combination  with  other  parameters  to  denote 
a  change  from  the  initial  value 
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Symbols 

6 

a 

6AS 


VFe 

V5s 


RP 


ST 


6  /F 
s  s 


cs 


’SP 


R 


Aileron  surface  deflection 

Displacement  of  the  aileron  stick  along  its  path 
Elevator  surface  deflection 

Gradient  of  steady-state  S  with  F  at  constant  speed 

e  s 

Gradient  of  steady-state  6  with  5  at  constant  speed 

e  s 

Rudder  surface  deflection 
Rudder  pedal  deflection,  in. 

Elevator  stick  deflection,  rad. 

Gradient  of  steady-state  6  with  F  at  constant  speed 

s  s 

Damping  ratio  of  the  elevator  feel  system 

Damping  ratio  of  the  Dutch  roll  oscillation 

Damping  ratio  of  the  phugoid  oscillation 

Damping  ratio  of  the  longitudinal  short-period  oscillation 

Pitch  angle,  angle  between  the  fuselage  reference  line 
and  the  horizontal 

Air  density,  slug/ft ^ 

First-order  roll  mode  time  constant,  positive  for  a 
stable  mode,  sec 

Bank  angle  measured  in  the  y-z  plane,  between  the  y-axis 
and  the  horizontal 


<J>  Bank  angle  change  in  time  t,  in  response  to  control 

deflection  of  the  form  given  in  3.3.^ 


A  measure  of  the  ratio  of  the  oscillatory  component 
of  bank  angle  to  the  average  component  of  bank  angle 
following  a  rudder-pedals-free  impulse  aileron  control 
command 

At  any  instant,  the  ratio  of  amplitudes  of  the  bank-angle 
and  sideslip-angle  envelopes  in  the  Dutch-roll  mode 
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Symbols 


*s 

Phase  angle  in  a  cosine  representation  of  the  Dutch 
roll  component  of  sideslip  -  negative  for  a  lag 

U) 

Imaginary  part  of  a  complex  dynamic  root,  sec  ^ 

“f 

Undamped  natural  frequency  of  the  feedback  zero 

caused  by  H  or  control-system  mass  unbalance, 

ot 

rad/sec 

un 

cs 

Undamped  natural  frequency  of  the  elevator  feel 
system,  rad/sec 

V  *“d 

a 

Undamped  natural  frequency  of  the  Dutch  roll  oscilla¬ 
tion,  rad/sec 

□ 

Fhugoid  undamped  natural  frequency,  rad/sec 

P 

u 

nSP 

Undamped  natural  frequency  of  the  short-period 
oscillation,  rad/sec 

‘“rs 

Roll-spiral  undamped  natural  frequency,  rad/sec 

Undamped  natural  frequency  of  numerator  quadratic  of 
ij)/  6as  transfer  function,  rad/sec 

Abbreviations 

AADRS 

Automatic  aileron  droop  retraction  system 

ACM 

Air  combat  maneuvering 

AGL 

Above  ground  level 

anl(r) 

Airplane  nose  left  (right) 

' 

anu(d) 

Airplane  nose  up  (down) 

2- 

?; 

ARI 

Aileron  rudder  interconnect 

X 

r. 

BFDGW 

Basic  flight  design  gross  weight 

BIS 

Board  of  Inspection  and  Survey  (U.S.  Navy) 

i 

5 

i 

CAP 

Control  anticipation  parameter 

1 

c  .g. 

Center  of  gravity 

CRT 

Combat  rated  thrust 
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Abbreviations 


exp  (  ) 

The  Napierian  logarithmic  base  {  e  —  2 .718* - • )  raised 
to  the  power  indicated 

GAL 

U.S.  gallons 

HPRPM 

High  pressure  rpm 

IMN  . 

Indicated  Mach  number 

LEO 

Leading  edge  down 

LEU 

Leading  edge  up 

LRC 

Langley  Research  Center 

MAT 

Maximum  augmented  thrust;  maximum  thrust, 
augmented  by  all  means  available  for  the  Flight 

Phase 

MRT 

Military  rated  thrust,  which  is  the  maximum  thrust 
at  which  the  engine  can  be  operated  for  a  specified 
period 

MSL 

Mean  sea  level 

NPE 

Navy  preliminary  evaluation 

PA (l/2) 

Power  approach  configuration  -  half  flaps ,  gear  down 

PIO 

Pilot-induced  oscillation 

PR 

Pilot  rating 

R/C 

Rate  of  climb 

RPM 

Revolutions  per  minute 

rto(u) 

Right  wing  down  (up) 

SAS 

Stability  augmenation  system 

S/B 

Speed  brakes 

SDF 

Six  degrees  of  freedom 

SI 

Stability  index 

STAB  AUG 

Stability  augmentation 

TAG 

Tactical  Air  Command 

TLF 

Thrust  for  level  flight 
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Abbreviations 

signifies  the  time  derivative. 


symbol  signifies  the  second  time 
d  a/dt 

(  31  A  prime  used  in  conjunction  with  m  ,  5™,  as  ,  S  ,  1/T  , 

or  1/ip  denotes  stick-free  values “SP  cs  os 

es 

of  the  parameters  when  the  stick-free  and  stick-fixed 
values  are  not  the  same  (e-g-  or 

nSp  o* 

In  particular,  this  notation  is  used  when  bbbweights 
or  Hfle  caused  the  airplane  response  to  feed  hack  to  the 

stick,  unprimed  parameters  denoting  values  with  the 
stick-fixed  or  the  hobweight  feedback  loop  open,  and 
primed  parameters  denoting  stick-free  values  with  the 
feedback  loop  closed- 


n 

(**) 


A  dot  above  a  symbol 


e-g- 


A  double  dot  above  a 
derivative,  e-g-  5  = 
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SECTION  I 
INTRODUCTION 

“Ttiie  document  Is  published  as  part  of  the  continuing  effort  to  refine 
and  develop  Military  Specification  MIL-F-DO8785A  (USAF),  "'Flying  Qualities 
of  Piloted  Airplanes1'  -which  is  the  primary  specification  for  ensuring 
satisfactory  handling  qualities  of  new  aircraft*  The  specification  relates 
the  ease  with  which  a  given  mission  can  he  accomplished  by  the  pilot-air¬ 
frame  combination  to  the  airplane' s  stability  and  control  characteristics* 

'The  latest  revision  is  the  result  of  a  three  year  effort  to  revise  the 
earlier  MIL-F-8785  (ASG).  A  significant  validation  of  the  latest  require¬ 
ments  is  a  detailed  comparison  of  these  requirements  with  the  known  char¬ 
acteristics  of  an  in-service  aircraft. 

The  purpose  of  the  investigation  reported  herein  was  to  evaluate  the 
flying  qualities  requirements  of  this  latest  specification  revision, 
ML-F-DOB785A  ![USAF) ,  by  errparison  with  the  known  characteristics  of  the 
F-it  series  of  aircraft-  The  Model  F-U  is  a  modern,  high  performance  multi- 
mission  vehicle  which  has  enjoyed  an  excellent  comhat,  service  and  safety 
record  during  Its  long  operational  history,  and  is  still  in  production. 

(Dver  four  thousand  aircraft  have  been  built  since  the  initial  development 
of  the  F—%  weapon  system  took  place  over  twelve  years  ago;  the  aircraft 
presently  exists  in  a  variety  of  different  models  and  configurations 
procured  by  various  customers  under  different  detail  specifications-  It 
should  be  noted  that  MIL-F-OO8785A  (USAF)  was  not  the  document  governing 
the  handling  qualities  requirements  of  the  ¥-b.  The  characteristics  of  the 
F-4®,  C  D,  and  J  models  were  compared  -with  the  requirements  of  MIL-F-OO6785A 
CDSAF) -  In  addition  the  F-^E  was  used  t>  show  the  effects  of  a  modified 
longitudinal  feel  system  on  longitudinal  flying  qualities,  and  the  F-^K  was 
used  to  illustrate  the  effects  of  different  engine  characteristics  on 
approach  flying  qualities. 

Available  Model  F-h  flight  test  data,  supplemented  in  certain  areas 
by  analytical  data,  were  compared  in  detail  with  MIL-F-OQ87 85A  (USAF),  on  a 
requirement-by-requirement  basis-  No  testing  was  performed  specifically  for 
the  purposes  of  this  contract.  The  validity  of  each  of  the  specification 
requirements  was  evaluat  ed  largely  by  the  correlation  of  t  est /analytical  data 
with  pilot  ratings.  AH  pilot  ratings  were  transferred  to  the  latest  Cooper- 
Harper  rating  scale.  Figure  1  (i) .  In  areas  where  ratings  were  not 
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available,  only  pilot  comments  and  opinions,  the  author’s  judgement  was 
used  to  relate  pilot  comments  to  the  rating  scale.  When  an  estimated  rating 
is  used  in  this  report,  it  is  so  indicated. 

Failure  and  reliability  data  were  utilized  to  calculate  failure  and 
flight  abort  probabilities  for  the  following  primary  aircraft  systems. 

1.  The  stability  augmentation  system 

2.  The  flight  control  system 

3-  The  flap  actuation  system 

4.  Gear  retraction  system 

5.  Weapon  release  system 

6.  Engine  failure 

7«  Wing  and  fuselage  fuel  transfer  system 

The  report  may  be  considered  to  be  a  critique  of  MIL-F-OO8785A  by  one 
class  of  specification  user.  It  is  hoped  that  the  results  of  this  study  will 
serve  as  a  basis  for  future  specification  revision  programs ,  and  may  also 
serve  as  additional  guidance  in  interpreting  and  applying  the  specification. 

It  represents  the  experience  of  an  airframe  contractor  in  attempting  an 
application,  albeit  after  the  fact. 

The  Air  Force  Flight  Dynamics  Laboratory  has  edited  but  not  censored 
this  report.  The  conclusions  and  recommendations  therefore  do  not  all  have 
Air  Force  blessing.  It  is  natural  for  diverse  views  to  exist  on  such  a  com¬ 
plicated  matter  as  flying  qualities  requirements.  In  rare  instances  Air  Force 
exception  to  a  conclusion  i3  noted  specifically. 
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SECTION  II 

AIRPLANE  DESCRIPTION 
II .1  General  Physical  Characteristics 

The  following  paragraphs  present  a  general  description  of  each 
model  of  the  F-U  aircraft.  In  general,  attention  is  drawn  only  to  those 
characteristics  which  affect  the  aerodynamic  behavior  of  the  aircraft. 

Three  view  drawings  of  each  model  appear  in  Figures  1  (II. l)  to  9  (il.l), 
and  Table  I  (il.l)  summarizes  some  of  the  more  pertinent  differences 
between  the  various  models. 

II.  1.1  F-4B  General  Description  -  The  F-4B  is  a  two  place,  all- 
weather  Navy  fighter  capable  of  performing  as  a  missile  firing  interceptor 
or  an  intermediate  and  long  range  mission  attack  bomber .  Basic  armament 
is  four  Sparrow  III  missiles  carried  semi -submerged  under  the  fuselage. 
Additional  bombs ,  rocket  packages ,  and  guided  missiles  can  be  carried  on 
five  stations  beneath  the  wings  and  fuselage.  The  airplane  is  powered 
by  two  General.  Electric  J79~GE— 8  engines  with  automatically  controlled 
compression-ramp  air  inlets.  The  basic  design  is  characterized  by  a 
low  aspect  ratio  wing  swept  back  45°  at  the  2 %  chord  line  and  an  all¬ 
movable  stabilator  with  23  1/4°  anhedral  angle  to  provide  longitudinal 
stability  and  control.  A  spoiler-aileron  combination  provides  lateral 
control,  and  directional  stability  and  control  is  accomplished  through 
a  vertical  fin-rudder  combination.  Take-off  and  landing  performance 
characteristics  have  been  optimized  through  the  use  of  leading  and  trail¬ 
ing  edge  flaps.  The  take-off  (half  flap)  configuration  consists  of: 

1)  3  leading  edge  flaps  (inboard,  center  and  outboard)  deflected  30°, 

60°,  60°,  respectively,  with  boundary  layer  control,  and  2)  the  trailing 
edge  flap  deflected  30°  without  boundary  layer  control.  The  landing  (full 
flap)  configuration  consists  of  the  same  leading  edge  flap  configuration 
as  in  take-off ;  however  the  trailing  edge  flap  is  deflected  60  with 
boundary  layer  control.  Speed  brakes  (40°  maximum  deflection)  are  provided 
on  the  lower  wing  surfaces.  The  F-4G  is  aerodynamically  identical  to  the 
F-4B  and,  therefore,  this  description  is  applicable  to  the  F-4g. 

II. 1.2  F-4C/D  General  Description  —  The  F-4C  retains  the  diverse 
mission  capabilities  of  the  F-4B;  however,  some  modifications  have  been 
made  to  comply  with  U.S.  Air  Force  requirements.  The  F-4D  is  aerodynamically 
identical  to  the  F-4C,  and  therefore,  these  data  are  also  applicable  to  the 
F-4D.  The  major  modifications  to  the  F-4B  which  were  incorporated  to  produce 

the  F-4C  are: 
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(1)  -15  engines  in  lieu  of  -8.  (No  change  in  engine  performance) 

(2)  Increased  contour  on  upper  and  lower  inhoard  wing  surface  to 
accommodate  larger  main  landing  gear  wheels,  (wheel  bumps) 

(3)  Installation  of  a  dual  control  system  to  assist  a  pilot-instructor 
in  monitoring  a  pilot-trainee. 

11. 1.3  rf-4B  General  Description  -  The  RF-4B  is  a  modification  of  the 
F-4B  to  a  reconnaissance  aircraft  for  the  U.S.  Navy  and  Marines.  The 
external  configuration  of  the  RF-UB  differs  from  the  F-4B  in  the  forward 
fuselage  area  where  the  nose  shape  has  been  redesigned  to  accommodate  both 

a  forv;  -d- looking  radar  and  photographic  systems.  The  aft  missile  wells 
have  been  eliminated  and  side— looking  radar  has  been  incorporated  in  the 
area  of  the  forward  fuselage  missile  wells. 

11. 1.4  RF-4C  General  Description  -  The  RF-4C  is  a  modification  of 
F-4C  to  a  reconnaissance  aircraft  for  the  U.S.  Air  Force.  The  external 
configuration  is  the  same  as  the  RF-4B  plus  wheel  bumps  which  were 
retained  from  the  F-4C  configuration. 

11. 1.5  F-4E  General  Description  -  The  F-4E  retains  the  same  basic 
configuration  as  the  F~4C  with  the  following  modifications: 

(1)  -17  engines  in  lieu  of  -15.  (Improved  engine  performance) 

(2)  Nose  mounted  M6l  internal  gun 

(3)  Retracted  inboard  leading  edge  flap  in  the  high  lift  configuration. 
Therefore,  the  take-off  and  landing  characteristics  are  determined 
with  the  following:  mid-span  and  outboard  leading  edge  flaps  at 
60°  with  boundary  layer  control  and  trailing  edge  flaps  at  30° 

for  take-off;  mid-span  and  outboard  leading  edge  flaps  at  60° 
with  boundary  layer  control  and  trailing  edge  flaps  at  60°  with 
boundary  layer  control  for  landing. 

(4)  Incorporation  of  slotted  leading  edge  stabilator. 

11. 1.6  F-4J  General  Description  -  The  F-4j  retains  the  same  basic 
configuration  as  the  F-4C,  with  the  following  modifications: 

(1)  -10  engines  in  lieu  of  -15-  (Improved  engine  performance) 

(2)  Take-off  and  landing  characteristics  have  been  optimized  through 
the  addition  of  drooped  ailerons  and  retraction  of  the  inboard 
leading  edge  flap  in  combination  with  the  following:  mid-span 

and  outboard  leading  edge  flaps  at  60°  with  boundary  layer  control 

5 


and  trailing  edge  flaps  at  30°  for  take-off;  mid-span  and  outboard 
leading  edge  flaps  at  60°  with  boundary  layer  control  and  trailing 
edge  flaps  at  60°  with  boundary  layer  control  for  landing. 

(3)  Incorporation  of  slotted  leading  edge  stabilator. 

II.  1.7  p-ltK  General  Description  -  The  F-UK  retains  the  same  basic 
configuration  as  the  F-Uj  with  the  following  modifications. 

(1)  Rolls  Royce  Spey  MK  202  turbofan  engines  in  lieu  of  J79-GE-10 
engines 

(2)  Extra- extendable  nose  gear  strut  for  catapult  launches. 

11,1.8  F-4M  General  Description  -  The  F-4m  retains  the  same  basic 

configuration  as  the  F-^K  with  the  following  modification: 

(1)  The  ailerons  are  not  drooped  in  the  landing  and  take-off 
configurations . 

(2)  The  nose  gear  strut  is  not  extendable. 

(3)  Basic  (non-slotted  leading  edge)  stabilator. 
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Table  I  (11.1) 

The  F-4  Series:  Major  Distinguishing  Characteristics 
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All  F-4B,  RF-4B  and  F4|G  aircraft  have  bean  er  will  be  retrofitted  with  retracted  inboard  flap,  aileron  droop,  and  dotted  leading  edge  stabilator. 
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Figure  s  01.1)  Model  F-4E 
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II. 2  Flight  Control  Systems 

Ab  the  flight  control  systems  canhave  a  significant  effect  on  flying 
qualities,  a  description  of  the  F-4  control/feel/trim  systems  and  the 
stability  augmentation  (STAB  AUG)  portion  of  the  autopilot  system  is 
presented  in  the  following  paragraphs. 

Il.g.l  Description  of  F-4  Longitudinal  Control /Feel/Trim  System  - 
The  F-4  series  of  aircraft  are  equipped  with  an  irreversible  power  control 
cylinder  for  stabilator  actuation.  Therefore,  normal  aerodynamic  forces 
acting  on  the  stabilator  are  not  transmitted  to  the  control  stick,  necessita¬ 
ting  the  provision  of  an  artificial  feel  system  which  also  provides  a  means 
for  longitudinal  trim.  A  schematic  of  the  overall  longitudinal  control 

system  is  presented  in  Figure  1  (II. 2. l). 

During  the  history  of  the  F-4,  four  different  feel/trim  systems  have 

been  installed  on  production  models;  for  the  purpose  of  this  report  these 
systems  are  designated  SI  through  S4.  A  description  of  each  system  follows, 
and  explanatory  schematics  appear  in  Figures  2  (II. 2.1)  to  5  (II. 2.1).  In 
subseq1  nt  discussions  of  longitudinal  stick  force  characteristics,  e.g. , 
stick  free  stability,  the  type  of  control  system  in  question  should  be  noted. 
Stabilator  position  is  a  linear  function  of  stick  position;  therefore,  the 
gearing  and  hence,  for  similar  aircraft  aerodynamic  characteristics,  longi¬ 
tudinal  stick  fixed  stability,  are  common  to  all  four  control  systems. 

11.2.1.1  Feel/Trim  System  Si  -  Figure  2(11.2.1).  This  system  consists 
of  a  balance  assembly,  downsprings,  bellows,  bobweights,  viscous  damper, 

and  safety  spring  cartridge.  An  explanation  of  the  function  of  each  component 
follows,  together  with  a  general  description  of  the  system  operation. 

11. 2. 1.1.1  Balance  Assembly  -  This  is  a  moveable  balance  arm  with  a 
pivot  point  fixed  in  the  aircraft  structure.  This  arm  can  be  made  to  "ride", 
so  that  the  effective  attach  point  for  the  downsprings  and  bellows  links 
can  be  shifted  along  the  arm,  by  operation  of  the  feel  trim  actuator.  The 
aim  is  connected  to  the  pilots  longitudinal  control  stick  in  such  a  way 
that  movement  of  the  stick  produces  a  parallel  movement  of  the  arm  as  shown 
in  Figure  2  (II. 2.1),  ana,  similarly,  forces  acting  on  the  arm  produce  forces 
in  the  same  sense  on  the  stick. 
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11*2.1.1.2  BellowB  -  This  is  in  fact  a  piston  which  is  free  to  move  in 
a  chamber.  The  chamber  is  pressurized  on  one  side  of  the  piston  using  a 
connection  to  a  pitot  tube  mounted  on  the  vertical  fin.  A  mechanical 
linkage  from  the  piston  to  one  side  of  the  balance  assembly  rotates  the 
balance  arm  in  a  stick  aft  sense  as  the  bellows  pressure  increases. 

During  straight  and  level  flight,  as  airspeed  is  increased,  bellows 
force  increases,  increasing  the  push  force  required  to  maintain  level  flight. 
Thus,  as  airspeed  increases,  the  pilot  must  trim  the  aircraft  nose  down. 

As  airspeed  decreases,  bellows  pressure  decreases,  pull  forces  are  required 
and,  the  pilot  must  trim  aircraft  nose  up  to  maintain  straight  and  level 
flight.  A  light  spring  is  provided  to  align  the  bellows  linkage  at  low  bel¬ 
lows  pressure  and  produce  a  small  additional  push  force  requirement  at  the  stick 

11. 2. 1.1. 3  Downsprings  -  Attached  to  one  side  of  the  balance  arm  are 
springs  whose  other  ends  are  fixed  to  the  aircraft  structure.  Reference  to 
■Figure  2  (11,2.1)  shows  that  the  moment  due  to  the  downsprings  rotates 

the  balance  assembly  in  a  stick  forward  sense,  and  opposes  the  moment  on 
the  balance  assembly  due  to  the  bellows.  The  downsprings  increase  stick 
force  variation  with  speed  by  increasing  the  required  moment  arm  of  the  bellows 

at  the  trim  condition. 

11.2.1.1.4  Bob weights  -  These  weights  are  mechanically  linked  to  the 
stick,  and  provide  a  nominal  stick  force  of  5  lbs.  pull  per  "g"  normal 

positive  acceleration  of  the  aircraft . 

11. 2. 1.1. 5  Viscous  Damper  -  This  acts  on  the  bellows  links  to  vary 
the  line  of  action  of  the  bellows  force  when  the  stick  is  moved  rapidly. 

This  feature  increases  the  resistance  to  stick  movement  due  to  the  bellows, 
and  helps  prevent  the  pilot  from  inadvertently  exceeding  the  "g"  load 
limitations  of  the  aircraft. 

11.2.1.1.6  Safety  Spring  Cartridge,  -  In  the  event  of  jamming  or  seizure 
of  the  feel  system,  the  stick  motions  can  still  be  transferred  to  the  sta- 
bilator  actuator  by  applying  enough  stick  force  to  break  out  the  safety  spring 

cartridge  which  in  normal  use  is  a  rigid  link. 

11. 2.1.1. 7  Feel/Trim  System  Operation  -  With  the  stick  held  at  the 
required  position,  the  moments  acting  on  the  balance  assembly,  and  hence 
the  forces  on  the  stick,  can  be  balanced  by  shifting  the  balance  assembly 
effective  pivot  point  using  the  trim  actuator.  (Vt  this  point  the  air¬ 
craft  is  in  trim.  Stick  forces  due  to  the  subsequent  airspeed  deviations 
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from  trim  are  primarily  due  to  the  bellows  pressure  change;  the  actual  size 
of  the  resultant  stick  force  depends  on  the  moment  exerted  through  the 
bellows  links  on  the  balance  assembly,  which  depends  on  the  moment  arm  of 
the  links,  which  depends,  in  turn,  on  the  original  position  of  the  balance 
assembly  at  trim. 

11. 2. 1.2  Feel  Trim  System  S2  -  Figure  3  (II. 2.1)  Modifies  the  ori¬ 
ginal  Bystem  by  providing  for  the  installation  of:  (l)  a  viscous  damper  with 
a  greater  compressed  length,  i.e.,  damper  mounting  trunnion  to  damper  piston- 
rod-end  distance  increased,  and  (2)  revised  bellows  links.  As  a  result, 

at  Mach  numbers  below  approximately  1.2  the  viscous  damper  "bottoms  out", 
stick  force  variation  with  stabilator  deflections  due  to  bellows  springs 
and  bellows  pressure  is  increased,  and  stick  force  per  "g"  is  increased. 

At  high  Mach  numbers  the  viscous  damper  is  free  to  move,  the  stick  force 
variation  due  to  bellows  springs  and  bellows  pressure  is  unaffected  and 
stick  force  per  "g"  is  unchanged. 

11. 2. 1.3  Feel  Trim  System  S3  -  Figure  4  (II, 2.1)  Modifies  the  system 
outlined  in  the  above  paragraph  by  providing  for  removal  of  the  longitudinal 
feel  system  downsprings.  The  primary  effect  of  removing  the  downsprings  is 
a  decrease  in  the  amount  of  trim  change  required  during  accelerations  and 
decelerations . 

11.2.1.4  Feel  Trim  System  S4  -  Figure  5(11.2.1)  Modifies  the  system 
outlined  in  the  above  paragraph  by  providing  for:  (l)  a  mechanical  stop 

in  place  of  the  viscous  damper,  (2)  revised  bellows  links,  and  (3)  replace¬ 
ment  of  the  5  lb.  per  "g"  bobweights  with  3  lb.  per  "g"  bobweights.  These 
modifications  were  designed  to  decouple  the  aircraft /flight  control  system 
natural  frequencies  in  order  to  eliminate  residual  stick  free  oscillations, 

II. 2. 2  Description  of  F-4  Directional  Control  System  -  The  F-4  series 
of  aircraft  are  equipped  with  a  directional  control  system  consisting  of 
rudder  pedals,  a  push  rod  and  cable  system,  a  power  control  cylinder,  a 
hydraulic  damper,  an  artificial  feel/trim  system,  and  a  rudder.  A  schematic 
diagram  of  the  directional  control  system  is  presented  in  Figure  1  (II. 2. 2) 
Rudder  pedal  movement  is  transferred  to  the  input  valve  of  the 
hydraulically  operated  irreversible  rudder  power  cylinder  by  means  of  the 
push  rod  and  cable  assembly.  The  hydraulic  damper  is  included  to  prevent 
rudder  flutter  during  critical  flight  conditions.  An  ARI  "Aileron-Rudder 
Interconnect"  system  is  incorporated  in  the  control  system  to  improve  the 
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low  speed  flaps  down  rolling  characteristics  of  the  aircraft  by  providing 
rudder  deflection  proportional  to  lateral  stick  deflection. 

The  rudder  power  control  cylinder  is  irreversible  and  thus  prevents 
aerodynamic  forces  acting  on  the  rudder  from  being  transmitted  back  to  the 
rudder  pedals .  Feel  for  rudder  displacement  is  provided  by  the  artificial 
feel  system,  which  consists  of  a  rudder  feel  cylinder,  a  trim  actuator  and 
a  bellcrank  assembly.  The  hydraulic  cylinder  constantly  acts  in  a  manner 
to  center  itself  with  the  pivot  point  of  the  bellcrank.  It  is  this  centering 
process  that  supplies  the  pedal  feel  force  when  the  pedals  are  moved.  The 
feel  system  force  gradient  is  automatically  changed  at  236  knots  accelera¬ 
ting  (high  gradient)  and  220  knots  decelerating  (low  gradient)  by  pressurizing 
both  sides  of  the  rudder  feel  hydraulic  piston  at  low  aircraft  speeds  and 
only  the  rod  side  at  high  aircraft  speeds. 

Rudder  trim  is  accomplished  by  utilizing  the  trim  actuator  which 
aligns  the  bellcrank  assembly  and  the  rudder  feel  cylinder.  The  trim  actua¬ 
tor,  which  is  electrically  operated  through  a  trim  switch  located  on  the  left 
hand  console  of  the  forward  cockpit,  will  permit  a  zero  feel  force  at  the 
pedals  with  the  rudder  surface  deflected  anywhere  within  an  angle  of  7-5 
degrees  to  either  side  of  neutral. 

II. 2. 3  Description  of  F-4  Lateral  Control  System  -  The  F-4  series  of 
aircraft  are  equipped  with  an  aileron  and  spoiler  combination  for  lateral 
control.  A  right  wing  down  roll  is  achieved  by  control  stick  motion  to  the 
right  which  is  transferred  through  a  system  of  rods  and  bellcranks  through 
the  fuselage  and  out  the  wings,  where,  as  shown  on  Figure  1  (H.2.3),  the 
input  to  a  system  of  irreversible  power  control  cylinders  produces  an  upward 
spoiler  deflection  on  the  right  wing  in  combination  with  a  downward  aileron 
deflection  on  the  left  wing.  Conversely,  in  a  left  wing  down  roll,  a  left 
stick  input  produces  an  upward  spoiler  deflection  on  the  left  wing  in  con¬ 
junction  with  downward  aileron  deflection  on  the  right  wing.  Maximum  lateral 
stick  deflection  (10.38°)  corresponds  to  maximum  aileron  and  spoiler  deflec¬ 
tions  of  30  and  ^3  degrees  respectively.  The  spoiler  is  divided  in  two 
sections,  outboard  and  inboard,  but  operates  as  a  unit  control  surface. 
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To  improve  the  low-speed  lateral-directional  flying  qualities  in  the 
high-lift  configuration,  an  "Aileron-Rudder  Interconnect"  (ARI)  system  provides 
a  rudder  deflection  proportional  to  lateral  stick  deflection.  With  the 
stability  augmentation  engaged  the  maximum  ARI  rudder  authority  is  +15° , 
while  maximum  ARI  rudder  authority  with  stability  augmentation  disengaged 
is  +10°.  The  authority  varies  linearly  from  zero  degrees  to  the  maximum 
which  is  reached  at  a  lateral  stick  deflection  of  7*79° ■ 

Lateral  control  system  feel  is  provided  by  double-acting  spring 
cartridges  connected  in  tandem  with  screw  type  actuators  as  illustrated 
by  the  schematic  on  Figure  1  (II. 2. 3).  During  normal  operating  conditions, 
the  pilot  must  apply  2.31  pounds  of  lateral  stick  force  to  initiate  stick 
deflection  and  continue  to  increase  stick  force  to  obtain  full  stick 
deflection.  A  safety  spring  cartridge  permits  control  input  to  one  wing  in 
the  event  controls  become  jammed  in  the  other  wing.  A  pilot  effort  of  17*50 
pounds  is  required  to  overcome  the  safety  spring  cartridge  in  the  failed 
system. 

A  lateral  control  trim  switch  is  located  on  the  stick  grip  and  energizes 
the  motors  which  drive  the  screwjacks  mounted  in  tandem  with  the  feel  spring 
cartridge.  The  control  stick  therefore  follows  the  trim  movement.  The 
lateral  control  trim  system  is  capable  of  10°  of  aileron  in  combination  with 
15°  of  spoiler  deflection. 

11.2.4  Description  of  F-4  Stability  Augmentation  System  -  The  F-4 
is  equipped  with  an  autopilot  system  designed  to  serve  the  two  basic  functions 
of  stability  augmentation  (STAB  AUG)  and  pilot  relief  during  the  cruise  phase 
of  flying  the  airplane  (AFCS). 

11.2.4.1  The  Pitch  Stability  Augmentation  Mode  -  Pitch  stability 
augmentation  is  accomplished  by  modulating  stabilator  deflection  to  improve 
the  longitudinal  short  period  damping  of  the  airplane.  A  block  diagram 
illustrating  the  pitch  stability  augmentation  mode  is  shown  in  Figure  1 
(11.2.4).  Basic  airplane  damping  in  pitch  is  augmented  using  pitch  rate 
signals  from  a  rate  gyro.  The  signals  are  passed  through  a  canceller 
which  removes  the  low  frequency  signals  and  prevents  the  system  from 
opposing  pilot  applied  maneuvers.  The  structural  filter  blocks  high  fre¬ 
quency  signals  due  to  structural  vibrations.  A  limited  authority,  +1/2° . 
series  servo  is  used  to  supply  stabilator  inputs.  The  pitch  rate  loop  gain 
is  fixed. 
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II. 2.1*. 2  The  Lateral-Directional  Stability  Augmentation  Modes  - 
Lateral-directional  stability  augmentation  is  achieved  by  controlling  both 
the  rudder  and  the  ailerons/spoilers  to  increase  the  damping  ratio  of  the 
short  period  lateral-directional  oscillation. 

Figure  2  (II.2.U)  illustrates  the  block  diagram  of  the  lateral 
channel  of  the  STAB  AUG  system  which  uses  roll  rate  signals  from  a  rate 
gyro  to  add  roll  damping  to  the  basic  aircraft  damping  in  roll.  Not 
shown  on  the  diagram  (for  clarity)  is  the  roll  force  switch  circuitry 
which  prevents  the  system  from  fighting  a  manual  maneuver  as  well  as 
providing  engage  and  disengage  transient  protection.  The  roll  rate  loop 
gain  is  fixed. 

Figure  3  (II.2.10  presents  the  block  diagram  of  the  directional 
channel  of  the  STAB  AUG  system,  which  takes  signals  from  a  yaw  rate 
gyro  to  add  damping  for  the  dutch  roll  mode.  These  signals  pass  through 
a  canceller,  which  prevents  the  system  from  opposing  the  pilot  during 
maneuvers.  Signals  from  a  lateral  accelerometer  are  used  to  provide 
co-ordinated  turns.  Both  yaw  rate  and  lateral  acceleration  loop  gains 
are  fixed. 
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Figure  2  (11.2.1) 

Longitudinal  Feel/Trim  System  SI 


Trim  Actuator 
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Figure  3  (11.2.1) 

Longitudinal  Feel/Trim  System  S2 


Trim  AND 
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Figure  4  (11.2.1) 

Longitudinal  Feel/Trim  System  S3 


Trim  Actuator 


27 


Figure5  (11.2.1) 

Longitudinal  Feel/Trim  System  S4 


28 


Figure  1  (11.2.2) 

Directional  Control  System  Schematic 


Figure  1  (11.2.3) 

Lateral  Control  System  Schematic 
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Spoilers 
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Figure  2  (11.2.4) 
Roll  Stab  Aug  System 


Figure  3  (11.2.4) 
Yaw  Stab  Aug  System 


SECTION  III 

STATEMENT  AND  VALIDATION  OP  REQUIREMENTS 

This  section  of  the  report  presents  the  validation  of  each  of  the 
requirements  of  MIL-F-008785A(USAF) .  Each  paragraph  of  the  specification 
is  evaluated  in  sequence,  individually  or  grouped  with  related  paragraphs, 
under  the  following  subheadings: 

A.  REQUIREMENT 

The  MIL“F-008785A(USAF)  requirement  is  quoted  verbatim,  so  the 
reader  need  not  continually  refer  to  the  specification. 

B.  APPLICABLE  PARAMETERS 

The  test  parameters  concerned  with  determining  compliance  with  the 
particular  requirement  are  summarized. 

C.  P-4  CHARACTERISTICS 

Available  F-4  quantitative  data  applicable  to  the  specific 
requirement  are  presented  and  discussed. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

The  applicable  qualitative  data  are  quoted  along  with  the  pilot 
rating,  either  assigned  or  estimated  by  the  authors.  The  pilot  rating  scale 
coding  used  in  thiB  report  is  described  in  Paragraph  III. 1.5* 

E.  DISCUSSION. 

The  validation  is  determined  by  comparison  of  the  actual  charac¬ 
teristics  of  the  F-4  and  the  corresponding  pilot  comments  with  the  require¬ 
ment  as  presently  written. 

F.  RECOMMENDATION 

If  the  validation  points  out  a  need  to  revise  the  requirement, 
the  recommended  change  is  quoted. 

The  order  of  the  material  presented  in  this  section  parallels  that  of 
MIL-F-008785A(USAF).  In  this  section  only,  for  brevity  and  clarity,  the 
section  prefix  (ill)  has  been  dropped  from  all  paragraph  numbers.  Utili¬ 
zation  of  this  report  should  be  facilitated  in  that  the  paragraph  numbers 
of  the  validations  within  this  section  correspond  to  the  paragraphs  of  the 
specification. 

All  figures  and  tables  applying  to  a  particular  requirement  appear  at 
the  end  of  the  validation  of  that  requirement.  The  figure/table  numbering 
system  is  similar  to  that  used  in  Reference  B2  in  that  the  figure/table 
number  contains  the  pertinent  specification  paragraph  number. 
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1.  Scope  and  Classifications 

A.  REQUIREMENT 

1.1  Scope  -  This  specification  contains  the  requirements  for  the 
flying  qualities  of  U.S.  military  piloted  airplanes. 

1.2  Application  -  The  requirements  of  this  specification  shall  be 
applied  to  assure  that  no  limitations  on  flight  safety  or  on  the  capability 
to  perform  intended  missions  will  result  from  deficiencies  in  flying 
qualities.  The  flying  qualities  for  all  airplanes  proposed  or  contracted 
for  shall  be  in  accordance  with  the  provisions  of  this  specification  unless 
specific  deviations  are  authorized  by  the  procuring  activity.  Additional 

or  alternate  special  requirements  may  be  specified  by  the  procuring  activity. 

B.  APPLICABLE  PARAMETERS 
Does  not  apply. 

C.  F-U  CHARACTERISTICS 

Various  models  of  the  F-^  series  aircraft  have  been  procured  under 
Reference  Bl,  of  which  MIL-F-OO8785A  is  a  revision,  or  under  amendments 
thereto.  The  amendments  are  documented  in  the  respective  detail  specifi¬ 
cations  and  are  not  presented  here.  In  all  subsequent  sections  it  must  be 
noted  that  MIL-F-OO8785A  was  not  the  document  governing  handling  qualities 
requirements  of  the  F-4  and  that  the  best  applicable  data  readily  available 
are  presented. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
Does  not  apply. 

E.  DISCUSSION 
None. 

F.  RECOMMENDATIONS 

Specific  recommendations  concerning  the  applicability  of  subse¬ 
quent  paragraphs  of  the  specification  appear  in  the  sections  of  this  report 
devoted  to  that  particular  paragraph. 


X .  3  Classification  of  Airplanes 
A.  REQUIREMENT 


For  the  purpose  of  this  specification,  an  airplane  shall  he 
placed  in  one  of  the  following  Classes: 


Class  I 


Class  II 


Class  III 


Class  IV 

) 


Small,  light  airplanes  such  as 

Light  utility 
Primary  trainer 
Light  observation 

Medium  weight,  low-to-medium  maneuverability 
airplanes  such  as 

Heavy  utility/search  and  rescue 
Light  or  medium  transport/cargo/tanker 
Early  warning/electronic  countermeasures/ 
airborne  command,  control,  or  communications 
relay 

Antisubmarine 
Assault  transport 
Reconnaissance 
Tactical  bomber 
Heavy  attack 
Trainer  for  Class  II 

Large,  heavy,  low-to-medium  maneuverability 
airplanes  such  as 

Heavy  transport /cargo/tanker 
Heavy  bomber 

Patrol/early  warning/electronic  countermeasures/ 
airborne  command,  control,  or  communications 
relay 

Trainer  for  Class  III 

High-maneuverability  airplanes  such  as 

Fighter/ interceptor 
Attack 

Tactical  reconnaissance 

Observation 

Trainer  for  Class  IV 


The  procuring  activity  will  assign  an  airplane  to  one  of  these  Classes, 
and  the  requirements  for  that  Class  shall  apply.  When  no  Class  is  specified 
in  a  requirement,  the  requirement  shall  apply  to  all  Classes.  When  opera¬ 
tional  missions  so  dictate,  an  airplane  of  one  Class  may  be  required  by  the 
procuring  activity  to  meet  selected  requirements  ordinarily  specified  for 
airplanes  of  another  Class. 
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B.  APPLICABLE  PARAMETERS 

P— U  mission  requirements;  limit  load  factor  and  maximum  design 
gross  weight  (Reference  B2,  Figure  1  (1.3)) . 

C.  F-4  CHARACTERISTICS 

The  types  of  mission^  and  hence  the  parameters  of  the  above 
Reference,  for  which  the  F-4  was  procured,  place  it  in  Class  IV.  Speci¬ 
fically,  of  the  examples  listed  in  the  requirement  under  Class  IV,  the  F-4 
aircraft  has  been  categorized  as: 

Fighter/Interceptor 

Attack 

Tactical  Reconnaissance 
Trainer  for  Class  IV 

The  F-4  has  also  been  operated  as  a  tactical  bomber  (Class  II). 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
Does  not  apply. 

E.  DISCUSSION 

Classification  of  the  F-4  as  a  Class  IV  aircraft  presents  no  diffi¬ 
culties  using  the  definitions  of  the  requirement. 

F.  RECOMMENDATION 
None. 
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1.3,1  Land  or  Carrier-Based  Designation 

A.  REQUIREMENT 

The  letter  -L  following  a  Class  designation  identifies  an  airplane 
as  land-based j  carrier-based  airplanes  are  similarly  identified  by  -C. 

When  no  such  differentiation  is  made  In  a  requirement,  the  requirement 
shall  apply  to  both  land-based  and  carrier-based  airplanes. 

B.  APPLICABLE  PARAMETERS 
Does  not  apply. 

C.  F-4  CHARACTERISTICS 

The  F-4  has  been  procured  and  operated  both  as  a  land  and  carrier 
based  aircraft.  Data  are  therefore  available  for  both  the  above  designa¬ 
tions  and  are  presented  wherever  applicable  and  possible. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
Does  not  apply. 

E.  DISCUSSION 
None. 

F.  RECOMMENDATIONS 
None. 
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l.U  Flight  Phase  Categories 

A.  REQUIREMENT 

The  Flight  Phases  have  been  combined  into  three  categories  which 
are  referred  to  in  the  requirement  statements.  These  Flight  Phases  shall 
be  considered  in  the  context  of  total  missions  so  that  there  will  be  n>  gap 
between  successive  Phases  of  any  flight  and  so  that  transition  will  be 
smooth.  When  no  Flight  Phase  or  Category  is  stated  in  a  requirement,  that 
requirement  shall  apply  to  all  three  Categories.  In  certain  cases,  require¬ 
ments  are  directed  at  specific  Flight  Phases  identify  •'d  in  the  requirement . 
Flight  Phases  descriptive  of  most  military  airpl'ine  -'issions  are: 


Nonterminal  Flight  Phases : 


Category  A  -  Those  nonterminal  Flight  Phases  that  require  rapid 
precision  tracking,  or  precise  flight-path  control.  Included  in  this 
Category  are: 


a.  Air-to-air  combat  (CO) 

b.  Ground  attack  (GA) 

c.  Weapon  delivery /launch  (WD) 

d.  Aerial  recovery  (AR) 

e.  Reconnaissance  (RC) 


f.  In-flight  refueling 
(receiver)  (RR) 

g.  Terrain  following  (TF) 

h.  Antisubmarine  search  (AS) 

i.  Close  formation  flying  (FF) 


Category  B  -  Those  nonterminal  Flight  Phases  that  are  normally  ac¬ 
complished  using  gradual  maneuvers  and  without  precision  tracking,  although 
accurate  flight-path  control  may  be  required.  Included  in  this  Category 
are : 


Qs  3 

Climb  (CL) 

e. 

Descent  (D) 

b. 

Cruise  (CR) 

f. 

Emergency  descent  (ED) 

c. 

Loiter  (LO) 

6- 

Emergency  deceleration  (DE) 

d. 

In-flight  refueling 
(tanker)  (RT) 

h. 

Aerial  delivery  (AS) 

Terminal  Flight  Phases: 

Category  C  -  Terminal  Flight  Phases  are  normally  accomplished  using 
gradual  Maneuvers  and  usually  require  accurate  flight-path  control.  Included 
in  this  Category  are: 

a.  Takeoff  (TO) 

b.  Catapult  takeoff  (CT) 

c.  Approach  (PA) 

d.  Wave-off /go-around  (WO) 

e.  Landing  (L) 

When  necessary,  recategorization  or  addition  of  Flight  Phases  or  delinea¬ 
tion  of  requirements  for  special  situations,  e.g. ,  zoom  climbs,  will  be 
accomplished  by  the  procuring  activity. 

B.  APPLICABLE  PARAMETERS 

Flight  phases  applicable  to  F-4  missions, 

C.  F-k  CHARACTERISTICS 

Various  models  of  F-U  have  been  required  to  perform  the  following 


flight  phases: 
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Monterminal  Flight  Phases : 

Category  A:  Air-to-air  combat  (CO) 

Ground  attack  (GA) 

Weapon  delivery/launch  (WD) 

Reconnaissance  (RC)  * 

Inflight  refueling  (receiver)  (RR)  * 

Terrain  following  (TF) 

Close  formation  flying  (FF)  * 

Category  B:  Climb  (CL) 

Cruise  (CR) 

Loiter  (LO) 

Descent  (D) 

Emergency  descent  (ED)  * 

Emergency  deceleration  (DE)  * 

Terminal  Flight  Phases: 

Category  C:  Takeoff  (TO) 

Catapult  takeoff  (CT)  * 

Approach  (PA) 

Wave- off/ Go-around  (WO) 

Landing  (L) 

#  These  flight  phases  are  not  a  part  of  the  mission  profiles  presented 
as  examples  under  3*1*1 

Operation  of  the.  F-t  therefore  involves  an  excellent  coverage  of  the  above 
flight  phases,  for  which  a  correspondingly  large  quantity  of  data  is 
available  for  evaluation. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
Does  not  apply. 

E.  DISCUSSION 

The  specified  flight  phases  are  considered  to  be  logically  cate¬ 
gorized  with  regard  to  F-1*  operation  and  relatively  detailed  data  have  become 
available  for  each  individual  flight  phase  of  F-b  missions. 

F.  RECOMMENDATION 
None. 
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1-5  Levels  of  Flying  Qualities 

A.  REQUIREMENT 

Where  possible,  the  requirements  of  Section  3  have  been  stated 
in  terms  of  three  values  of  the  stability  or  control  parameter  being  speci¬ 
fied.  Each  value  is  a  minimum  condition  to  meet  one  of  three  Levels  of 
acceptability  related  to  the  ability  to  complete  the  operational  missions 
for  which  the  airplane  is  designed.  The  Levels  are: 

Level  1  Flying  qualities  clearly  adequate  for  the  mission  Flight 
Phase 

Level  2  Flying  qualities  adequate  to  accomplish  the  mission  Flight 
Phase,  but  some  increase  in  pilot  workload  or  degradation 
in  mission  effectiveness,  or  both,  exists 

Level  3  Flying  qualities  such  that  the  airplane  can  be  controlled 
safely,  but  pilot  workload  is  excessive  or  mission  effect¬ 
iveness  is  inadequate,  or  both.  Category  A  Flight  Phases 
can  be  terminated  safely,  and  Category  B  and  C  Flight 
Phases  can  be  completed. 

B.  APPLICABLE  PARAMETERS 

Pilot  Ratings:  a)  Cooper-Harper  Scale  (see  Figure  1  (I)) 

b)  Cooper  Scale  (see  Figure  1  (1.5)) 

c)  Descriptive  Ratings 

C.  F-4  CHARACTERISTICS 

Early  customer  reports  on  the  F-4  rated  flying  qualities  of  the 
aircraft  using  adjectival  descriptions j  this  form  of  assessment  was  carried 
over  into  later  reports  which  almost  invariably  present  qualitative  as  well 
as  quantitative  pilot  ratings.  For  assessments  of  the  earlier  F-4  models 
and  control  system  variants,  therefore,  only  qualitative  remarks  are  avail¬ 
able.  In  some  instances,  numerical  ratings  have  been  estimated  for  presen¬ 
tation  in  this  study  using  qualitative  ratings  and  are  designated  E-, 
where  the  number  locates  the  flying  qualities  on  the  Cooper-Harper  scale 
(Reference  B3  and  Figure  l(l)),  which  is  the  standard  scale  for  this  study. 
It  should  be  noted  that  numerical  ratings  estimated  from  verbal  descriptions 
are  subject  to  some  inaccuracy,  e.g.,  see  Reference  B4.  Some  later  reports 
used  the  early  Cooper  scale  (Reference  B5  and  Figure  1  (1.5))  for  which  the 
ratings  are  again  translated  to  the  Cooper-Harper  scale  as  shown  in 
Figure  2(1.5)  and  designated  C-.  Ratings  originally  presented  in  the 
Cooper-Harper  form  are  designated  CH-.  The  foregoing  is  summarized  in  the 
following  table: 
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Original  Pilot  Opinion  Rating  Designation  of  Cooper-Harper  Rating 

in  F-4  Evaluation  in  this  Report 

Adjectival  (Estimated)  E- 

Cooper  C- 

Cooper-Harper  CH- 

In  areas  for  which  both  qualitative  and  quantitative  pilot  opinion  rating 
data  are  available,  both  are  presented  in  order  to  improve  understanding 
of  the  pilots  impressions. 

The  F-it  evaluations  have  occurred  over  a  long  time  span,  i.e.,  approximately 
twelve  years,  during  which,  as  illustrated  by  the  documented  qualitative 
remarks,  pilot  expectations  have  become  more  demanding. 

The  following  table  shows  the  association  between  the  levels  of  the 
specification  and  the  rating  scale  used  in  this  report.  See  Reference  B2. 

Level  Cooper-Harper 

1  1-3.5 

2  3*5  -  6.5 

3  6.5  -  9+ 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
Does  Not  apply. 

E.  DISCUSSION 
None. 

F.  RECOMMENDATION 
None. 


4l 


Cooper 

PR 

Description 

Adjective 

Rating 

Mission 

Primary 

Mission 

Accomplished? 

m 

| 

Excellent, 

Includes  Optimum 

Satisfactory 

Normal 

Operation 

Ves 

Yes 

1 

Good, 

Pleasant  to  Fly 

Yes 

Yes 

2 

Satisfactory,  But  With 
Some  Mildly  Unpleasant 
Characteristics 

Yes 

Yes 

3 

Acceptable,  But 

With  Unpleasant 
Characteristics 

Unsatisfactory 

Emergency 

Operation 

Yes 

Yes 

4 

Unacceptable 

For  Normal  Operation 

Doubtful 

Yes 

5 

Acceptable  For  Emer¬ 
gency  Operation  (Stab. 
Aug.  Failure)  Only 

Doubtful 

Yes 

6 

Unacceptable  Even  For 
Emergency  Condition 
(Stab.  Aug.  Failure) 

Unacceptable 

No 

Operation 

No 

Doubtful 

B 

Unacceptable  - 
Dangerous 

No 

No 

8 

Unacceptable  - 
Uncontrollable 

No 

No 

9 

$0/*!  Did  Not  Get 

Back  to  Report 

Unprintable 

What 

Mission? 

10 

Figure  1  (1.5) 

The  Original  Cooper  Scale 
Reference  65 
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Cooper  Harper  Rating  Scale 


Figure  2  (1.5) 

Comparison  of  Rating  Scales 


2.  Applicable  Documents 

A.  REQUIREMENTS 


2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents,  of  the  issue  in  effect  on  the  date  of 
invitation  for  bids  or  request  for  proposal,  form  a  part  of  this  specifica¬ 
tion  to  the  extent  specified  herein: 

SPECIFICATIONS 

Military 


MIL-D-87O8 

MIL-F-9^90 

MIL-C-182M 

MIL-F-I8372 

MIL-S-25015 

MlL-W-25ll»0 


Demonstration  Requirements  for  Airplanes 

Plight  Control  Systems  -  Design,  Installation  and  Test  of, 

Piloted  Aircraft,  General  Specification  for 

Control  and  Stabilization  Systems,  Automatic,  Piloted 

Aircraft,  General  Specification  for 

Flight  Control  Systems,  Design,  Installation  and  Test  of. 
Aircraft  (General  Specification  for) 

Spinning  Requirements  for  Airplanes 

Weight  and  Balance  Control  Data  (for  Airplanes  and 

Rotorcraft) 


Standards 

MIL-STD-756  Reliability  Prediction 

(Copies  of  documents  required  by  suppliers  in  connection  with  specific  pro- 
curement  functions  should  be  obtained  from  the  procuring  activity  or  as 
directed  by  the  contracting  officer. ) 


B.  APPLICABLE  PARAMETERS 


Does  not  apply. 

C.  F-h  CHARACTERISTICS 

The  has  been  procured  under  the  above  specifications. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 


Does  not  apply. 

E.  DISCUSSION 
None. 


F.  RECOMMENDATION 


None. 
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3.  Requirements 

3.1  General  Requirements 
Opening  Discussion 

During  the  validation  of  Section  3.1,  the  authors  found  it  difficult 
to  evaluate  bow  ail  the  general  requirements  are  tied  together  in  the  total 
concept,  and  how  this  section  is  applied  to  the  specific  requirements  in  later 
sections.  The  intent  of  each  individual  paragraph  of  Section  3.1  is  generally 
clear;  however,  taken  as  a  whole,  the  section  seems  unwieldly  and  obscure  when 
integration  of  the  various  requirements  is  attempted.  An  effective  aid  in 
integrating  the  various  requirements  is  proposed  in  the  flow  charts  of 
Figures  1  (3.1)  and  2  (3.1).  Figure  1  (3.1)  illustrates  how  "mission 
definition"  leads  into  determination  of  the  flight  envelope  for  each  flight 
phase  and  ultimately  the  total  flight  envelopes.  Figure  2(3.1)  pi esents  an 
illustration  of  how  normal  and  failure  states  are  determined  and  analyzed  to 
evaluate  compliance  with  the  levels  of  flying  qualities  requirements.  It  is 
hoped  that  these  charts  will  significantly  improve  the  "learning  curve"  of 
this  section  of  the  specification.  It  is  therefore  suggested  that  similar 
charts  be  provided  with  the  background  data  of  Reference  B2. 

The  separate  subparagraphs  of  Section  3.1  are  presented  and  evaluated 
on  the  following  pages.  In  each  case,  the  requirement  is  quoted,  the  appli¬ 
cable  F-l4  characteristics,  where  available,  are  presented,  and  the  individual 
requirements  are  discussed  and  evaluated.  At  the  conclusion  of  Section  3.1, 
the  overall  impact  of  the  General  Requirements  Section  is  further  discussed 
and  evaluated. 


Operatic  i*»l  Minion 
Defined  by 
Procuring  Activity 
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Figure  2  (3.1) 


3.1.1  Operational  Missions 

A.  REQUIREMENT 

3.1.1  Operational  Missions  -  The  procuring  activity  will  specify  the 
operational  missions  to  he  considered  by  the  rontractor  in  designing  the 
airplane  to  meet  the  flying  qualities  requirements  of  this  specification. 
These  missions  will  include  the  entire  spectrum  of  intended  operational 
usage. 

B.  APPLICABLE  PARAMETERS 

F-U  detail  specification  mission  definitions  and  profiles. 

C.  F-4  CHARACTERISTICS 

The  following  mission  profiles  are  presented  as  typical  of  those 
required  of  the  F-4D  as  a  tactical  fighter.  All  mi&Sicvns  are  taken  from 
the  Reference  B6  detail  specification. 

(1)  Basic  Fighter  Mission  -  Four  Sparrow  III  missiles  and  full 
internal  fuel.  (Figure  1  (3.1.1) )♦ 

(2)  Missile  Strike  Alternate  -  Two  AGM-12B  missiles,  four  Sparrow 
III  missiles,  full  internal  fuel  and  external  fuel  in  o.’-.e  600 
gallon  centerline  tank  and  two  370  gallon  wing  tanks.  (Figure 
2  (3.1.D). 

(3)  Conventional  Weapon  Attack  Alternate  -  Eleven  M-117  demolition 
bombs,  full  internal  fuel  and  external  fuel  in  two  370  gallon 
external  tanks .  (Figure  3  (3.1.1)). 

(L)  Special  Weapon  Attack  Alternate  -  One  MK  28,  full  internal  fuel 
and  external  fuel  in  two  370  gallon  external  wing  tanks .  (Figure 
4  (3.1.1)). 

Unfortunately  the  flying  qualities  evaluation  data  presented  in  subsequent 
sections  of  this  report  are  not  always  available  for  the  particular  loadings 
discussed  above.  This  results  from  the  F-4  aircraft  not  being  designed 
under  the  requirements  of  MIL-F-OO8705A.  However,  many  of  the  F-4  flying 
qualities  evaluations  were  conducted  with  a  variety  of  external  store  load¬ 
ings.  Qualitative  and  quantitative  data  on  available  loadings  will  be 
presented  wheic  pertinent  to  the  validation,  whether  or  not  they  are  repre¬ 
sented  in  any  of  the  missions  illustrated  herein. 


D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Not  applicable. 

E.  DISCUSSION 

It  is  reasonable  that  the  intended  use  of  the  airplane  be  defined  and 
that  this  "mission  definition"  be  used  as  the  basis  for  determining  the 
flight  envelope  where  adequate  flying  qualities  are  desired. 

The  validation  of  subsequent  paragraphs  of  Section  3.1  could  be 
accomplished  by  applying  the  requirements  to  each  of  the  four  missions 
presented  in  this  paragraph.  However,  it  was  felt  that  the  application  to 
one  selected  mission  -  to  establish  flight  phases,  define  configurations 
and  loadings,  and  determine  operational/service/permissible  flight  envelopes  - 
would  serve  to: 

(1)  Develop  experience  in  working  with  this  section. 

(2)  Develop  an  understanding  of  the  requirements  of  this  section. 

(3)  Illustrate  the  techniques  and  effort  involved  in  complying  with 
the  requirements  of  this  section. 

(4)  Form  a  basis  for  the  validation  of  Section  3.1. 

The  mission  selected,  with  the  approval  of  the  Flight  Dynamics  Labora¬ 
tory  Project  Engineer,  is  the  basic  fighter  mission  (Air-to-Air) ,  as  presented 
in  Figure  1  (3*1*1) • 

It  was  not  obvious  to  the  authors  during  this  validation,  that  the  "entire 
spectrum  of  intended  operational  usage"  is  intended  to  include  such  secondary 
missions  as  training  missions  and  operational  aborts .  To  avoid  misunderstand— 
ingj  the  spectrum  of  intended  usage  should  be  further  defined  with  specific 
examples . 

F.  RECOMMENDATIONS 

Add  the  following  to  the  last  sentence  of  the  requirement: 

"....,  along  with  such  missions  as  operational  aborts  and  training  missions." 


49 


52 


Figure  3  (3.1.1) 

F-4D  Operational  Mission  (Conventional  Weapon  Attack) 
(2)  J79-GE-15  Engines 
Take-Off  Gross  Weight  =  57,592  LB 
(11)  750  LB  Bombs -t-  (2)  370  Gal.  Fuel  Tanks 


3.1.2  Loadings 

A.  REQUIREMENT 


3.1.2  Loadings  -  The  contractor  shall  define  the  envelopes  of  center- 
q£_ gravity  and  corresponding  weights  that  will  exist  for  each  Flight  Phase. 

These  envelopes  shall  include  the  most  forward  and  aft  center-of-gravi im¬ 
positions  as  defined  in  MIL-W— 25140.  In  addition,  the  contractor  shall 
determine  the  maximum  eenter-of-gravity  excursions  attainable  through 
failures  in  systems  or  components,  such  as  fuel  sequencing,  hung  stores, 
etc.,  for  each  Flight  Phase  to  be  considered  in  the  Failure  States  of 
3. 1.6. 2.  Within  these  envelopes,  plus  a  growth  margin  to  be  specified  by 
the  procuring  activity,  and  for  the  excursions  cited  above,  this  specifica¬ 
tion  shall  apply. 

B.  APPLICABLE  PARAMETERS 

F-4  center-of-gravity  envelopes  for  the  selected  Mission  (Air-to-Air ) . 

C.  F-4  CHARACTERISTICS 

The  center-of-gravity  envelope  for  the  Mission  (Air-to-Air)  selected  in 
Paragraph  3.1.1  is  presented  in  Figure  1  (3.1.2).  The  center-of-gravity  and 
gross  weight  range  that  exists  for  each  Flight  Phase  is  illustrated,  along 
with  the  maximum  center-of-gravity  excursions  attainable  from  system  or  com¬ 
ponent  failures.  Of  all  the  primary  aircraft  systems  considered  in  this 
analysis ,  only  the  following  produce  any  significant  center— of— gravity 
excursion  after  failure: 

(1)  The  weapon  release  system. 

(2)  The  wing  and  fuselage  fuel  transfer  system. 

The  center-of-gravity  envelope  illustrates  the  most  critical  failures 
which  result  in  either  an  extreme  forward  or  aft  center-of-gravity  position. 

For  convenience,  the  center  of  gravity  and  gross  weight  ranges  for 
each  Flight  Phase,  for  both  normal  and  failure  states,  are  tabulated  in 
Table  I  (3.1.2).  The  data  are  presented  by  Flight  Phase  but  grouped 
according  to  Flight  Phase  Category,  as  the  requirements  are  normally  directed 
at  the  general  Category  rather  than  the  specific  Flight  Phase. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Hot  applicable. 

E.  DISCUSSION 

The  general  intent  of  this  requirement  is  evident,  i.e.,  to  establish 
the  center  of  gravity  and  gross  weight  envelopes,  within  which  the  requirements 


of  the  specification  shall  apply.  However,  it  is  not  immediately  clear  that 
the  data  required  by  this  paragraph,  in  conjunction  with  the  moment  of  iner¬ 
tia  data  (3.1.3),  external  store  data  (3.1.4),  and  the  criteria  of  paragraph 
4.2,  are  used  to  define  the  critical  loadings  for  the  corresponding  normal 
and  failure  states  of  paragraphs  3. 1.6.1  and  3. 1.6. 2.  A  statement  to  this 
effect  should  be  included  in  this  requirement. 

F.  REC014M£iIDATION 

Add  the  following  statement:  “In  addition,  these  data,  in  conjunction 
with  the  moment  of  inertia  data  (3.1.3),  external  store  data  (3.1.4),  and 
the  criteria  of  4.2,  are  used  to  define  the  critical  loadings  for  the  air¬ 
plane  normal  and  failure  states  of  3.1.6. 1  and  3. 1.6. 2. 
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Table  I  {3.1.2) 
Loading  Range 
Basie  Air-to-Air  Missifin 


Flight  Phase 

Cat 

Loadiri 

g  Range 

Normal  State 

Failure  State 

CG  Range 

GW  Range 

CG  Range 

GW  Range 

Takeoff  (TO) 

C 

33.0  -  32.3 

43,994-43,094 

33.0-32.3 

43,834-43,094 

Power  Approach  (PA) 

C 

29.5 

30,996 

32.3-27.7 

43,094-30,996 

Landing  (L) 

C 

29.5-31.0 

30,596  -  29,756 

32.6-27.7 

43,094-29,796 

Climb  (CL) 

B 

32.3-31.4 

43,094  -  41,705 

32.3-30.8 

43,094-41,700 

Cruise  (CB) 

B 

31.4-2B.8 

41,705-30,996 

31.4-26.3 

41,705  -  30,996 

Descent  (D) 

S 

29.5 

30,996 

27.7-31.1 

30,996-43,094 

Combat  (CO) 

A 

30.6  -  28.0 

38,764-33,758 

26.7-31.1 

38,764-33,758 

Weapon  Delivery  (WD) 

A 

29.2-30.6 

36,950  -  35,578 

27.6-31.1 

35,578-37,1154 

internal  Wing 
Transferring 


Weight 
[lb/1 000) 


Takeoff  (TO) 
Climb  (CL) 
Less  Fwd  AIM-7E 

Cruise  (CR) 


Combat  (CO) 

Weapon 
Delivery  (WD) 


Less  Aft  AIM-7E 
Less  All  AIM7E 
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“Combat  (CO) 


Cruise  (CR) 
Descent  (D) 


^22^  Landing  (L) 


24  25  26 


28  30  32 

CG  (%5) 


Figure  1  (3.1,2) 

Model  F-4D  Center  of  Gravity  Envelope 
Sasic  Mission 
(4)  AIM-7E  Missiles 
Reference  Bfi 


3.1.3  Moments  of  Inertia 


A.  REQUIREMENT 

3.1.3  Moments  of  Inertia  -  The  contractor  shall  define  the  moments  of 
inertia  associated  with  all  loadings  of  3-1.2.  The  requirements  of  this 
specification  shall  apply  for  all  moments  of  inertia  so  defined. 

B.  APPLICABLE  PARAMETERS 

F-4  moments  of  inertia  for  the  loadings  defined  in  3.1.2,  i.e.. 

Table  I  (3.1.2). 

C.  F-k  CHARACTERISTICS 

Defining  the  moments  of  inertia  for  loadings  (Table  I  (3.1.2))  for  the 
basic  air-to-air  mission  would  involve  the  computation  of  20  different  sets 
of  moments  of  inertia.  However,  the  exact  numerical  values  for  these  load¬ 
ings  are  not  considered  pertinent  to  the  objectives  of  this  investigation 
and,  therefore,  are  not  presented. 

Table  I  (3.1.3)  does  present  typical  moments  of  inertia  for  a  limited 
range  of  configurations  and  gross  weights. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Not  applicable. 

E.  DISCUSSION 

As  was  the  case  with  3.1.2,  the  general  intent  of  this  requirement  is 
evident,  i.e.,  to  define  the  airplane  moments  of  inertia  associated  with  the 
loadings  defined  in  3.1.2.  However,  it  is  not  clear  that  these  data,  in  con¬ 
junction  with  those  of  3.1.2  and  3.1.&  and  the  criteria  of  k.2  are  used  to 
define  the  critical  loadings  of  3. 1.6.1  and  3. 1.6. 2.  A  statement  to  this 
effect  should  he  included  in  the  requirement. 

F.  RECOMMENDATION 

Add  the  following  statement:  "In  addition,  these  data,  in  conjunction 
■yith  the  loading  data  (3.1.2),  external  store  data  (3. 1.^0,  and  the  criteria 
of  k.2  are  used  to  define  the  critical  loadings  for  the  airplane  normal  and 
failure  states  of  3.1. 6.1  and  3. 1.6. 2. 
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Table  I  (3.1.3) 

Typical  Inertia  Characteristics 


[Loading 

Condition 

GW 

m 

CG 

Hofiz 

m) 

■* 

slug-ft^ 

Moments  of  Inertia 

3 y  Jz 

slng-fr  slug*ft^ 

'xz 

slug-ft2 

Takeoff: 

Gear  [Up 

44,951 

32.5 

28203 

134,234 

153,899 

4,427 

Gear  Down 

44-051 

32i5 

30,709 

136,947 

156,461 

4,540 

Clean: 

Gear  Up 

38J924* 

28.9 

25J001 

122,186 

139,759 

2,177 

landing: 

Gear  Up 

34-000 

27i05 

22227 

117;956 

134,948 

1,309 

Gear  Gown 

34,000 

27.95 

24,960 

120,123 

136-212 

1,311 

'  Combat  gross  weight. 
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3.1.4  External  Stores 


A.  REQUIREMENT 

3.1.4  External  Stores  -  The  requirements  of  this  specification  shall 
apply  for  all  combinations  of  external  stores  required  hy  the  operational 
missions.  The  effects  of  external  stores  on  the  weight ,  moments  of  iner¬ 
tia,  center-of-gravity  position,  and  aerodynamic  characteristics  of  the 
airplane  shall  be  considered  for  each  mission  Flight  Phase.  When  the 
stores  contain  expendable  loads,  the  requirements  of  this  specification 
apply  throughout  the  range  of  store  loadings .  The  external  stores  and 
store  combinations  to  be  considered  for  flying  qualities  design  will  be 
specified  by  the  procuring  activity.  In  establishing  external  store 
combinations  to  be  investigated,  consideration  shall  be  given  to  asymmetric 
as  well  as  to  symmetric  combinations . 

B.  APPLICABLE  PARAMETERS 

F-4  External  store  configurations  for  loadings  defined  in  3.1.2, 

Table  I  (3.1.2). 

C.  F-4  CHARACTERISTICS 

The  external  loading  configurations  for  the  mission  selected  in  para¬ 
graph  3.1.1  are  as  follows: 

Air-to-Air  Mission 


Flight  Phase 

Loading 

TO 

(4) 

Sparrow  III 

CL 

(4) 

Sparrow  III 

CR 

(4) 

Sparrow  III 

CO 

(4) 

Sparrow  III 

(2) 

Sparrow  III 

No 

Sparrow  III 

WD 

(4) 

Sparrow  III 

(2) 

Sparrow  III 

D 

None 

PA 

None 

L 

None 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
Not  applicable. 

E.  DISCUSSION 

The  requirement  to  include  the  effect  of  external  stores  required  by 
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the  operational  missions  on  weight,  moments  of  inertia,  and  aerodynamic 
characteristics  is  considered  reasonable  but  somewhat  redundant,  i.e., 
the  requirements  of  paragraphs  3.1.2  and  3.1.3  imply  that  the  effect  of 
external  stores  shall  be  included.  The  implied  requirement  to  consider 
the  full  range  of  store  loadings  for  each  flight  phase  is  not  considered 
reasonable.  Mission  definitions  usually  provide  for  expending  ordnance 
at  the  end  of  the  combat  phase;  therefore,  for  normal  states,  it  would 
seem  more  reasonable  to  consider  (l)  the  specified  loading  configuration  for 
flight  phases  prior  to  the  combat  phase,  (2)  the  full  range  of  loadings  for  the 
combat  and  weapon  delivery  phases,  and  (3)  the  unloaded  aircraft  for  flight 
phases  subsequent  to  the  combat  phase.  This  was  the  procedure  followed  in 
defining  the  loading  configurations  shown  above  in  paragraph  C.  For  some 
missions,  e.g.,  air-to-air,  it  would  not  be  unreasonable  to  consider  reten¬ 
tion  of  all  or  some  of  the  armament  after  the  combat  phase.  However,  in 
general,  consideration  of  the  full  range  of  loadings  for  flight  phases 
subsequent  to  the  combat  phase  for  airplane  normal  states  is  not  considered 
realistic. 

For  airplane  failure  states,  consideration  of  a  range  of  loadings  for 
flight  phases  subsequent  to  the  combat  phase  is  considered  reasonable. 
However,  for  reasons  similar  to  those  above,  consideration  of  the  full 
range  of  loading  combinations  for  flight  phases  prior  to  the  combat  phase  is 
again  unrealistic. 

In  addition,  as  previously  discussed  in  3-1.2  and  3-1.3,  the  relation¬ 
ship  of  this  requirement  to  3.1.2,  3.1.3,  4.2,  3*1. 6.1,  and  3. 1.6. 2  is 
unclear.  A  statement  similar  to  that  recommended  in  3.1.2  and  3.1.3/ 
should  be  added  to  the  end  of  this  requirement. 

F.  RECOMMENDATION 

Revise  the  requirement  to  read  as  follows : 

"3.1.4  External  Stores  -  The  effects  of  external  stores  required  by 
the  operational  missions  on  the  weight,  moments  of  inertia,  center-of- 
gravity  position,  and  aerodynamic  characteristics  of  the  airplane  shall  be 
considered  for  each  applicable  mission  Flight  Phase.  When  the  stores  con¬ 
tain  expendable  loads,  the  requirements  of  this  specification  apply  for  the 
range  of  store  loadings  which  might  reasonably  be  encountered  in  any  flight 


. 


6l 


phase.  The  external  stores  and  store  combinations  to  be  considered  for 
flying  qualities  design  will  be  specified  by  the  procuring  activity  and 
shall  include  consideration  of  asymmetric  as  well  as  symmetric  combina¬ 
tions.  The  data  defined  by  this  requirement,  in  conjunction  with  the 
loading  data  of  3.1.2,  the  moments  of  inertia  data  of  3.1.3,  and  the  cri 
teria  of  4.2  are  used  to  define  the  critical  loadings  for  the  aircraft 
normal  states  (3. 1.6.1)  and  failure  states  (3. 1.6. 2)." 


3.1.5  Configurations 

A.  REQUIREMENT 


3.1.5  Configurations  -  The  requirements  of  thi3  specification  shall 
apply  for  all  configurations  required  or  encountered  in  the  applicable 
Flight  Phases  of  1.4.  A  (crew-)  selected  configuration  is  defined  by  the 
positions  and  adjustments  of  the  various  selectors  and  controls  available 
to  the  crew  except  for  rudder,  aileron,  elevator,  throttle,  and  trim  con¬ 
trols.  Examples  are:  the  flap  control  setting  and  the  yaw  damper  ON  or 
OFF.  The  selected  configurations  to  be  examined  must  consist  of  those 
required  for  performance  and  mission  accomplishment.  Additional  configura¬ 
tions  to  be  investigated  may  be  defined  by  the  procuring  activity. 

B.  APPLICABLE  PARAMETERS 

F-4  configurations  for  flight  phases  required  by  operational  missions. 

C.  F-4  CHARACTERISTICS 

See  Table  I  (3.1.5). 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Not  applicable. 

E.  DISCUSSION 

Application  of  this  requirement  to  the  Model  F-4  poses  no  problems  and 
the  requirement  is  considered  reasonable  as  written. 

F.  -RECOMMENDATIONS 

Hone. 


1 
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Table  I  (3.1.5} 

Flight  Phase  Configurations 


Flight  Phase 

■ 

Gear 

L.E.  Flaps 

T.E.  Flaps 

Speed 

Brakes 

Stab  Aug 
Mode 

Mach  Hold 
Alt  Hold 

Drag  | 
Chute 

mmmm 

Down 

Down 

30° 

In 

On 

mm 

— 

Up 

Up 

0 

In 

On 

BS 

- 

mm 

WM 

0 

In 

On 

mSM 

- 

Loiter 

LO 

mm 

mm 

0 

In 

On 

On 

- 

Descent 

um 

Up 

Up 

D 

As  Required 

On 

Off 

- 

■"Emergency  Descent 

•Emergency  Deceleration 

60° 

Approach 

PA 

Down 

Down 

In 

On 

Off 

- 

•Wave-off/Go-Around 

El 

Landing 

L 

Down 

Down 

SO0 

In 

On 

Off 

Deploy 

Air-to*Air  Combat 

CD 

Up 

Up 

0 

As  Required 

On 

Off 

- 

Ground  Attack 

GA 

Up 

Up 

0 

As  Required 

On 

Off 

- 

Weapon  Delivery/Launch 

WD 

Up 

Up 

0 

As  Required 

On 

Off 

- 

"Aerial  Delivery 

AD 

"Aerial  Recovery 

AR 

"Reconnaissance 

RC 

"Refuel  Receiver 

RR 

•Refuel  Tanker 

RT 

•Terrain  Following 

TF 

t 

•Antisubmarine  Search 

AS 

•Close  Formetion  Flying 

FF 

•Catapult  Takeoff 

CT 

•These  Flight  Phases  are  not  a  part  of  any  of  the  missions  presented  as  examples  in  this  report. 
{See  paragraph  3. 1.1. 1 
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3.1.6  State  of  the  Airplane 

A.  REQUIREMENT 

3.1.6  State  of  the  Air-plane  -  The  state  of  the  airplane  is  defined  by 
the  selected  configuration  together  with  the  functional  status  of  each  of 
the  airplane  components  or  systems,  throttle  setting,  weight,  moments  of 
inertia,  center-of-gravity  position,  and  external  store  complement.  The 
trim  setting  and  the  positions  of  the  rudder,  aileron,  and  elevator  controls 
are  not  included  in  the  definition  of  Airplane  State  since  they  are  often 
specified  in  the  requirements. 

B.  APPLICABLE  PARAMETERS 

None. 

C.  P-4  CHARACTERISTICS 

See  paragraphs  3.1. 6.1  through  3. 1.6. 3. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Not  applicable. 

E.  DISCUSSION 

This  paragraph,  which  defines  the  term,  "State  of  the  Airplane,  as 
used  in  subsequent  paragraphs ,  is  considered  reasonable  as  written. 

F.  RECOMMENDATIONS 

None. 
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3. 1.6.1  Airplane  Normal  States 

A.  REQUIREMENT 


3. 1.6.1  Airplane  Normal  States  -  The  contractor  shall  define  and 
tabulate  all  pertinent  items  to  describe  the  Airplane  Normal  (no  component 
or  system  failure)  State(s)  associated  with  each  of  the  applicable  Flight 
Phases.  This  tabulation  shall  be  in  the  format  and  shall  use  the  nomencla¬ 
ture  shown  in  6.2.  Certain  items,  such  as  weight,  moments  of  inertia, 
center-of-gravity  position,  wing  sweep,  or  thrust  setting  may  vary  contin¬ 
uously  over  a  range  of  values  during  a  Flight  Phase.  The  contractor  shall 
replace  this  continuous  variation  by  a  limited  number  of  values  of  the 
parameter  in  question  which  will  be  treated  as  specific  states ,  and  which 
include  the  most  critical  values  and  the  extremes  encountered  during  the 
Flight  Phase  in  question. 

B.  APPLICABLE  PARAMETERS 

F-4  Normal  States  for  each  Flight  Phase  of  the  operational  mission. 

C.  F-4  CHARACTERISTICS 

The  Normal  States  for  the  mission  selected  in  Paragraph  3.1.1  are  shown 
in  Table  I  (3. 1.6.1).  The  format  is  that  of  Table  XVI  of  the  specification 
as  indicated  in  Paragraph  6.2.1  which  could  logically  be  expanded  to  include 
moments  of  inertia  data  and  the  definition  of  additional  critical  loadings 
based  on  moments  of  inertia  considerations.  Such  an  expansion  could  con¬ 
ceivably  result  in  multiplying  the  number  of  Normal  States  by  a  factor  of 
two  or  three. 

Flight  test  data  are  not  necessarily  available  for  the  tabulated 
states;  for  the  purposes  of  this  validation  the  table  provides  a  means  of 
evaluating  the  pertinence  of  the  subsequent  flight  test  data. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Not  applicable. 

E.  DISCUSSION 

The  requirement  to  define  and  tabulate  the  items  necessary  to  describe 
the  Airplane  Normal  States  for  each  Flight  Phase  is  considered  reasonable. 
However,  the  procedure  for  selecting  critical  values  of  such  items  as  gross 
weight,  center  of  gravity,  and  moments  of  inertia  is  obscure;  reference 
should  be  made  to  the  loading  data,  3.1.2,  moments  of  inertia  data,  3.1.3, 
external  store  data,  3.1.4,  and  the  criteria  of  4.2.  A  statement  to  this 
effect  should  be  added  to  the  requirement. 
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F.  RECOMMENDATION 

Add  the  following  statement  to  the  requirement: 

"Critical  loadings  shall  be  selected  based  on  the  data  of  3.1.2,  3.1.3, 
and  3.1.^  and  the  criteria  of  h.2. 
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Table  I  (3.1. 6.1,  Table  XVI) 
Airplane  Normal  States 
Air-to-Air  Mission 


Stab 

Aug 

enBCceeencceeBcenB 

oooooaoooooooooooo 

Spoed 

Brakes 

As  Require! 

As  Required 

As  Required 

As  Required 

As  Required 

Landing 

Gear 

§  §  naaaaaa|  §  §  3  .S' 

§  §9333  =  33  a  a  §333333 
a  a  3  3  3 

High  Lift 
Devices 

1/2  Flap 
1/2  Flap 

Full  Flap 
Full  Flap 
Full  Flap 

Thrust 

MRT 

MAT 

MRT 

MRT 

As  Required 

As  Required 

As  Required 

As  Required 

Idle 

As  Required 

As  Required 

As  Required 
MRT 

MRT 

MAT 

MAT 

MAT 

MAT 

External* 

Stores 

«_  a,  EL  CL  CL  CL  CL  flU  CL  CL 

MOTUUCOCO  |  |  |  |  |  1  “  2  *  21  12 

^  ^  ^  iqj5  CM  CM 

a  3 

rj  ss 

o  co  m  C  >t  K)  (O  in  II)  in  q  «t.  cm,  co.  co  cm. 

m  ru  n  wb  im  A)  co  O)  cn  on  os  oi  os  o  oo  cd  o 

CO  WWWWNNNCMCMWCONNMN  «M  CO 

Weight 

(lb) 

itnMjiniB^oaiocowaigaoraMOw 

maicnaaiaino)OioiB)0)toin|su)ra|> 

Moaf«Kr^r»Biao;fflr;2;0«a55H5 
MMM*«**®nooDDO)caffltnntom 
v  c  n  PO  CO  COCOCOCMCOCOCOCO  CO  CO 

Flight 

Phase 

Takeoff  (TO) 

Climb  (CL) 

Cruise  (CR) 

Descent  (D) 
Approach  (PA) 
Landing  (L) 

Air-to-Air 
Combat  (CO) 

Weapon 
Delivery  (WD) 
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Basic  stores:  4  Sparrow  til  missiles 


3. 1.6. 2  Airplane  Failure  States 

A.  REQUIREMENT 

3. 1.6. 2  Airplane  Failure  States  -  The  contractor  shall  define  and 
tabulate  all  Airplane  Failure  States,  which  consist  of  Airplane  Normal 
States  modified  by  one  or  more  malfunctions  in  airplane  components  or 
systems;  for  example,  a  discrepancy  between  a  selected  configuration  and 
an  actual  configuration.  Those  malfunctions  that  result  in  center-of- 
gravity  positions  outside  the  center-of-gravity  envelope  defined  in  3.1.2 
shall  be  included.  Each  mode  of  failure  shall  be  considered.  Failures 
occurring  in  any  Flight  Phase  shall  be  considered  in  all  subsequent  Flight 
Phases, 

B.  APPLICABLE  PARAMETERS 

F— if  airplane  normal  states  modified  by  one  or  more  malfunctions . 

c.  f-4  characteristics 

Examples  of  F-k  Failure  States  for  the  various  Flight  Phases  of  the 
Air-to-Air  Mission  of  Figure  1  (3.1.1)  are  presented  in  Tables  I  (3. 1.6.2) 
through  VIII  (3.1.6. 2).  The  corresponding  CG/weight  envelope  appears  in 
Figure  1  (3.1.2).  Only  those  failures  affecting  the  Normal  State  variables 
of  Table  XVI  of  the  specification  are  shown,  i.e.,  control  and  feel/trim 
system  failures  are  not  shown.  Also  multiple  failures  are  not  shown.  This 
approach  is  for  the  purposes  of  this  study  only.  Failures  which  would  result 
in  a  mission  abort,  e.g.,  inability  to  retract  flaps  and  gear  after  takeoff, 
are  not  considered  in  Flight  Phases  which  would  not  be  undertaken  with  that 
failure . 

In  order  to  provide  an  example  of  a  failure  producing  an  extreme  for¬ 
ward  CG  condition,  the  internal  wing  tank  fuel  transfer  failure  is  taken  as 
far  into  the  mission  profile  as  the  available  fuel  allows,  although  in  prac¬ 
tice  the  mission  would  probably  be  aborted  earlier.  The  case  is  also  con¬ 
sidered  for  which  the  mission  is  aborted  with  this  failure  after  the  Climb 
Flight  Phase  and  the  aircraft  performs  a  Descent,  Approach,  and  Landing, 

In  the  Normal  State,  the  Weapon  Delivery  Flight  Phase  is  arbitrarily 
chosen  to  describe  deployment  of  the  forward  missiles  only,  because  this 
involves  the  largest  instantaneous  CG  shift  possible.  The  aft  missiles  are 
deployed  later  in  the  Combat  Flight  Phase.  Some  Failure  States  associated 
with  "hung1'  missiles  (2  aft  or  all  4)  could  be  considered  Mission  alterna¬ 
tives,  or  Normal  States,  since  the  pilot  has  the  option  of  returning  with 
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these  configurations  if  required.  Returning  with  only  two  forward 
missiles  is  always  a  Failure  State,  however,  because  the  firing 
sequence  calls  for  the  forward  missiles  to  be  fired  first.  The  effects 
of  firing  the  missiles  singly  are  not  shown. 

D.  SUMMARY  OF'  PILOT  RATINGS  AND  COMMENTS 

Not  applicable. 

E.  DISCUSSION 

In  its  discussion  of  paragraph  3.1.10 ,  Reference  B2  mentions  that 
in  the  event  of  a  failure  that  would  always  result  in  an  aborted  mission, 
the  failure  should  be  considered  in  the  Flight  Phases  required  to  complete 
the  aborted  mission  rather  than  the  planned  mission.  At  present  this 
intent  is  not  stated  in  the  specification.  No  problems  in  interpreting 
the  specification  should  arise  for  the  more  extreme  cases;  to  use  the 
example  of  Reference  B2,  a  procuring  activity  would  be  unlikely  to  request 
a  flying  qualities  assessment  in  supersonic  cruise  of  an  aircraft  whose 
flaps  had  failed  to  retract  on  takeoff,  simply  because  the  planned  mission 
called  for  supersonic  cruise.  However,  there  may  exist  certain  failures 
which,  particularly  in  the  context  of  a  war  emergency,  might  result  in  a 
modified  mission  (e.g. ,  reduced  combat  time  or  reduced  number  of  ground 
targets)  rather  -chan  an  aborted  mission  (return  and  land).  It  is  con¬ 
ceivable  that  a  procuring  activity  might  require  study  of  selected  failures 
of  this  type.  Therefore,  in  order  to  cover  this  eventuality  and  to  correct 
what  is  considered  to  be  an  omission  in  the  requirement  as  presently 
written,  an  additional  statement  is  recommended  for  inclusion. 

The  desire  to  identify  Airplane  Failure  States  is  understandable. 
However ,  the  requirement  to  define  and  tabulate  all  failure  states  con¬ 
sisting  of  Normal  States  modified  by  one  or  more  malfunctions  is  considered 
unreasonable.  Approximately  50  examples  of  Failure  States  have  been 
defined  for  the  simple  F-4C  mission  used  as  an  example.  Failure  propa¬ 
gation  and  multiple  failures  have  not  been  considered,  and  the  present  list 
constitutes  a  very  conservative  number  of  possible  failures.  Different 
missions  involving  more  external  stores  would  involve  a  far  greater  number 
of  possible  Failure  States.  There  are  more  than  1000  Normal  States  of 
external  store  loadings  associated  with  the  F-4  aircraft  and  therefore 
several  thousand  Failure  States  might  be  encountered  in  connection  with 
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hung  stores  alone.  Addition  of  failures  of  the  control  system,  aug¬ 
mentation  system,  feel  system,  engine,  fuel  transfer  system,  and  high 
lift  devices  together  with  combinations  of  these  and  failure  propagation 
would  result  in  a  prodigious  number  of  failures,  which,  according  to 
the  specification,  should  he  considered. 

For  example,  consider  a  single  flight  phase  with  only  one  Airplane 
Normal  State.  It  is  not  unreasonable  that  ten  distinct  failures  or 
malfunctions  could  be  identified  which  could  affect  flying  qualities. 

The  task  of  identifying  and  tabulating  the  over  1000  possible  combinations 
of  two  or  more  of  these  single  failures  is  a  sizeable  task;  the  addition 
of  one  more  independent  failure  would  double  the  number  of  combinations. 

If  all  flight  phases  are  considered,  the  task  becomes  even  more  formidable 
and  for  a  multimission  aircraft  the  task  appears  overpowering. 

It  is  acknowledged  that  automated  techniques  could  be  employed  to 
accomplish  the  task  of  identifying  and  tabulating  the  individual  failure 
modes.  However,  the  subsequent  task  of  identifying  the  critical  loadings 
and  critical  flight  conditions  for  the  various  flying  qualities  parameters 
must  he  accomplished  by  hand.  It  is  also  acknowledged  that  many  of  the 
resulting  failure  states  may  he  trivial.  However,  the  task  of  reviewing 
the  possible  failure  states  to  identify  and  select  those  critical  failure 
states  which  could  significantly  affect  flying  qualities  would  still  be  a 
formidable  task.  The  subsequent  task  of  determining  the  effect  of  these 
critical  failures  on  the  various  flying  qualities  characteristics  would  be 
even  more  formidable. 

The  foregoing  example  is  an  attempt  to  illustrate  the  magnitude  of 
the  task  associated  with  this  requirement.  A  specific  recommendation  for 
revision  of  this  requirement  is  not  considered  to  be  within  the  scope  of 
this  contract.  However,  it  is  recommended  that  the  procedure  for 
identifying  failure  states  he  revised  to  reduce  the  magnitude  of  the  task. 

Paragraph  6.7.1  of  the  specification  indicates  that  the  intent  of  the 
requirement  is  to  consider  only  those  Failure  States  which  signficantly 
effect  flying  qualities.  This  intent  however,  is  not  consistent  with 
3.1, 6. 2  which  requires  that  the  contractor,  "...define  and  tabulate  all 
airplane  Failure  States." 
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E.  RECOMMENDATI ONS 

The  first  sentence  of  the  requirement  should  he  changed  to  read  as 
follows,  in  order  to  he  consistent  with  paragraph  6.7*1  of  the  specifi¬ 
cation: 

"The  contractor  shall  define  and  tabulate  those  Failure  States  which 
have  a  significant  effect  on  flying  qualities.  Failure  States  consist  of 
Airplane  Normal  States  modified  hy  one  or  more  malfunctions  in  airplane 
components  or  systems  j , . , . " 

In  addition,  the  last  sentence  should  he  changed  to  read,  "Failures 
occurring  in  any  Flight  Phase  shall  be  considered  in  all  Flight  Phases 
which  might  subsequently  he  encountered", 

The  requirement  should  be  further  revised  to  reduce  the  magnitude 
of  the  task  of  compliance. 

AIR  FORCE  COMMENTS. 

The  Air  Force  considers  this  requirement  a  reasonable  burden  on  the 
contractor,  essential  to  the  purposes  of  the  specification.  Catalogs  of 
failure  modes  and  effects  pre  now  required  for  reliability  (MIL-STD-756) 
and  flight  safety  (MIL-S-38130) ;  these  generally  can  give  a  suitable  basis 
for  analyzing  flying  qualities  degradations.  Already  it  has  been  necessary 
to  conduct  some  such  analyses  after  the  fact,  in  order  to  improve  mission 
success  and  aircraft  loss  rates.  Depth  of  the  analysis  depends,  of  course > 
on  the  stage  of  a  design  as  well  as  its  complexity. 
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Table  II  (3. 1.6. 2} 
Failure  States 
Air-to-Air  Mission 
Climb  {CL}  Flight  Phase 
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Table  Itt  {3.1 .6.2) 
Failure  States 
Air-to-Air  Mission 
Cruise  (CR)  Flight  Phase 
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TABLE  IV  {3.1 .6.2) 
Failure  States 
Air-To-AirMisa'on 

Air-To-Air  Combat  (CO)  I  light  Phase 
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Table  V  (3.1. 6.2) 
Failure  States 
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Table  VI  (3.1.6.2) 
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Table  VII  (3.1.6.2) 
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Table  VIII  (3.1 .6.2) 
Failure  States 
Air-to-Air  Mission 
Landing  (L)  Flight  Phase 
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3. 1.6. 2.1  Airplane  Special  Failure  States 

A.  REQUIREMENT 

3. 1.6. 2.1  Airplane  Special  Failure  States  -  Certain  components ,  sys¬ 
tems  ,  or  combinations  thereof  may  have  extremely  remote  probability  of 
failure  during  a  given  flight.  These  failure  probabilities  may,  in  turn, 
be  very  difficult  to  predict  with  any  degree  of  accuracy.  Special  Failure 
States  of  this  type  need  not  be  considered  in  complying  with  the  require¬ 
ments  of  Section  3  if  justification  for  considering  the  Failure  States  as 
Special  is  submitted  by  the  contractor  and  approved  by  the  procuring 
activity. 


B.  APPLICABLE  PARAMETERS 
Does  not  apply. 

C.  F-4  CHARACTERISTICS 

For  the  purpose  of  this  report  special  failure  states  will  not  be 
defined. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
Not  applicable. 

E.  DISCUSSION 

The  requirement  is  considered  reasonable  as  written. 

F.  RECOMMENDATIONS 
None. 
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3.1.7  Operational  Flight  Envelopes 

3.1.8  Service  Flight  Envelopes 

3.1.9  Permissible  Flight  Envelopes 

A.  REQUIREMENT 

3.1.7  Operational  Flight  Envelopes  -  The  Operational  Flight 
Envelopes  define  the  boundaries  in  terns  of  speed,  altitude,  and  1  ad 
facto/within  which  the  airplane  must  be  capable  of  °  f  ! 

to  accomplish  the  missions  of  3.1.1.  Envelopes  for  each 
Flight  Phase  shall  be  established  with  the  guidance  andapprovalof 
the  procuring  activity.  In  the  absence  of  specific  Stance ’  £ 
contractor  shall  use  the  representative  conditions  of  table  I  for  the 

applicable  Flight  Phases. 

•a  1  ft  Flieht  Envelopes  -  For  each  Airplane  Normal  State 

«.  contractor^hall^eBtablish,  subject  to  the  approval  of  the  Procure 
activity,  Service  Flight  Envelopes  showing  combinations  of  speed, 
altitude,  and  normal  acceleration  derived  from  earplane Fli eht 
distinguished  from  mission  requirements.  For  each  app  _ 

Phase°and  Airplane  Normal  State,  the  boundaries  of  the  Service  Flight 
Ss  ca^be  coincident  with  or  lie  outside  tne  corresponding 
Operational  Flight  Envelopes,  but  in  no  case  shail.h.yfall  in  id 
those  Operational  boundaries.  The  boundaries  of  the  oervice  Flig  t 
Envelopes  shall  be  based  on  considerations  discussed  m  3.1. 8.1. 

3. 1.8.2,  3.1.8. 3»  and  3.I.8.U. 


3,1.8.!  Mavimum  Service  Speed  -  The  maximum  service  speed,  V 


max  or 


M  ,  for  each  altitude  is  the  lowest  of: 
max’ 

a.  The  maximum  permissible  speed 

b.  A  speed  which  is  a  safe  margin  below  the  speed  at  which 
intolerable  buffet  or  structural  vibration  is  encountered 

c  The  maximum  airspeed  at  MAT,  for  each  altitude,  for  dives 
(at  all  angles)  from  Vmat  &t  all  altitudes,  from  which  recovery  can 
te  mSe  “*2,0 10  feet  “ove  MSL  or  higher  without P™*"*^"* 
margin  from  loss  of  control,  other  dangerous  behavior,  or  .tolerable 
buffet,  and  without  exceeding  structural  limits. 

3, 1.8. 2  Service  Speed  -  The  minimum  service  speed,  Vffiin  or 

M  .  ,  for  each  altitude  is  the  highest  of: 
min 

a.  1.1  Vg 

b.  Vs  +  10  knots  equivalent  airspeed 

c.  The  speed  below  which  full  airplane-nose-up  eievator  control, 
power  and  trial  are  insufficient  to  maintain  straight,  steady  flight 

d.  The  lowest  speed  at  which  level  flight  can  be  maintained  with 
MRT  and,  for  Category  C  Flight  Phases: 

»  A  speed  limited  by  reduced  visibility  or  an  extreme  pitch 
attitude  thaSvould  result  in  the  tail  or  aft  fuselage  contacting  the 
ground. 
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3.1. 8. 3  Maximum  Service  Altitude  -  The  maximum  service  altitude, 
h(max),  for  a  given  speed  is  the  maximum  altitude  at  which  a  rate  of 
climb  of  100  feet  per  minute  can  be  maintained  in  unaccelerated  flight 
with  MAT. 

3. 1.8.  k  Service  Load  Factors  -  Maximum  and  minimum  service  load 
factors,  n(+)  [n(-)]»  shall  be  established  as  a  function  of  speed  for 
several  significant  altitudes.  The  maximum  [minimum]  service  load 
factor,  when  trimmed  for  lg  flight  at  a  particular  speed  and  altitude, 
is  the  lowest  [highest]  algebraically  of: 

a.  The  positive  [negative]  structural  limit  load  factor 

b.  The  steady  load  factor  corresponding  to  the  minimum  allowable 
stall  warning  angle  of  attack  (3.U.2.2.2) 

c.  The  steady  load  factor  at  which  the  elevator  control  is  in 
the  full  airplane-nose-up  [nose-down]  position 

d.  A  safe  margin  below  [above]  the  load  factor  at  which  intolera¬ 
ble  buffet  or  structural  vibration  is  encountered. 

3.I.9  Permissible  Flight  Envelopes  -  The  Permissible  Flight 
Envelopes  encompass  all  regions  in  which  operation  of  the  airplane  is 
both  allowable  and  possible.  These  are  the  boundaries  of  flight  con¬ 
ditions  outside  the  Service  Flight  Envelope  which  the  airplane  is 
capable  of  safely  encountering.  Stalls,  spins,  zooms,  and  some  dives 
may  be  representative  of  such  conditions.  The  Permissible  Flight 
Envelopes  define  the  boundaries  of  these  areas  in  terms  of  speed, 
altitude,  and  load  factor. 

3. 1.9.1  Maximum  Permissible  Sneed  -  The  maximum  permissible 
speed  for  each  altitude  shall  be  the  lowest  of: 

a.  Limit  speed  based  on  structural  considerations 

b.  Limit  speed  based  on  engine  considerations 

c.  The  speed  at  which  intolerable  buffet  or  structural  vibration 
is  encountered. 

d.  Maximum  dive  speed  at  MAT  for  each  altitude ,  for  dives  ( at 
all  angles)  from  Vmat  at  all  altitudes,  from  which  dive  recovery  at 
2000  feet  above  MSL  or  higher  is  possible  without  encountering  loss  of 
control  or  other  dangerous  behavior ,  intolerable  buffet  or  structural 
vibration,  and  without  exceeding  structural  limits. 

3. 1.9. 2  Minimum  Permissible  Speed  -  The  minimum  permissible 
speed  in  lg  flight  is  Vg  as  defined  in  6.2.2  or  3.1. 9*2.1. 

3.1. 9-2.1  Minimum  Permissible  Speed  Other  Than  Stall  Speed  - 
For  some  airplanes ,  considerations  other  than  maximum  lift  determine 
the  minimum  permissible  speed  in  lg  flight  (e.g.,  ability  to  perform 
altitude  corrections,  excessive  sinking  speed,  ability  to  execute  a 
wave-off  (go-around) ,  etc.).  In  such  cases,  an  arbitrary  angle-of- 
attack  limit,  or  similar  minimum  speed  and  maximum  load  factor  limits, 
shall  be  established  for  the  Permissible  Flight  Envelope,  subject  to 
the  approval  of  the  procuring  activity.  This  defined  minimum  per¬ 
missible  speed  shall  be  used  as  Vg  in  all  applicable  requirements. 
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B.  APPLICABLE  PARAMETERS 

Operational  Flight  Envelopes, 

Service  Flight  Envelopes. 

Permissible  Flight  Envelopes. 

C.  F-4  CHARACTERISTICS 

Figures  1  (3.1.7)  through  4  (3.1*7)  depict  the  Operational  Flight 
Envelopes  for  accomplishment  of  the  air-to-air  mission  selected  in 
Paragraph  3.1.1. 

Table  I  (3.1.7)  presents  the  Operational  Flight  Envelope  boundar¬ 
ies  as  defined  for  each  flight  phase.  The  total  Operational  Flight 
Envelope  is  depicted  as  a  build-up  of  the  flight  envelopes  for  each 
individual  flight  phase.  Figure  1,  2  and  3  (3.1.7)  present  airspeed/ 
normal  load  factor  envelopes  at  sea  level,  20,000  ft.  and  40,000  ft., 
respectively.  The  speed/altitude  envelope. is  shown  on  Figure  4  (3.1.7). 

The  total  Service  and  Permissible  Flight  Envelopes  are  also  pre¬ 
sented  on  Figures  1  (3.1.7)  through  4  (3.1*7).  The  Service  Flight 
Envelopes  are  derived  from  airplane  limits,  whereas  the  Permissible 
Envelopes  are  considered  as  regions  that  the  airplane  can  enter  and 
safely  return  to  the  Operational  Flight  Envelope. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Not  applicable. 

E.  DISCUSSION 

In  the  case  of  the  F-4  missions,  the  combat  flight  phase  encom¬ 
passes  all  other  flight  phase  envelopes,  with  the  exception  of  those 
in  Category  C.  The  latter  cover  the  low  speed/low  altitude/low  normal 
load  factor  "corner"  of  the  envelope. 

The  subsonic  positive  normal  load  factor  boundaries  of  the  Opera¬ 
tional  and  Service  Flight  Envelopes  are  coincident  and  are  based  on 
the  maximum  performance  maneuvering  capability  of  the  F-4.  The  per¬ 
missible  boundary  is  based  on  the  estimated  maximum  normal  force. 

The  supersonic  normal  load  factor  boundaries  are  limited  by 
structural  design  at  altitudes  below  35,000  feet.,  and  by  maximum 
stabilator  deflection  at  higher  altitudes.  The  maximum  airspeed 
boundary  is  also  a  structural  limit. 
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The  F-4  has  a  zoom  climb  capability,  which  should  define  the 
high  altitude  supersonic  permissible  boundary  of  Figure  4  (3*1.7)* 
However,  the  zoom  capability  is  not  well  defined  and  therefore  the 
boundary  presented  is  based  on  the  absolute  ceiling  (zero  rate  of 
climb)  of  the  F-4. 

The  Service  Flight  Envelope  boundaries  coincide  with  the  opera¬ 
tional  boundaries  throughout  much  of  the  envelope. 

In  spite  of  the  long  availability  and  wide  use  of  the  F-4  Aircraft , 
definition  of  the  permissible  envelopes  is  not  entirely  clear.  This 
is  due  in  part  to  the  fact  that  this  specification  was  not  used  for 
procurement  and  therefore  a  strong  incentive  to  define  the  envelopes 
precisely  waB  not  present.  Another  contributing  cause  is  the  ill- 
defined  stall  of  the  F-4  (See  3.4.2)  together  with  the  airframe  buffet 
characteristics  which  accompany  approach  to  low  speed  edges  of  the 
envelope. 

Although  no  specific  recommendation  can  be  made,  it  is  felt  that 
the  lack  of  precise  permissible  envelope  definition  on  an  aircraft  as 
well  tried  as  the  F-4  indicates  a  possible  potential  area  of  conflict 
between  contractor  and  customer  in  the  case  of  a  new  design. 

F.  RECOKMENDATION 

3.1.7 

None. 

3.1.8 

None 

3.1.9 

None 
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Note:  All  airspeeds  are  in  KCAS 


Normal 

Load 

Factor 

<nz) 


Operational  flight  envelope 
Service  flight  envelope 
Permissible  flight  envelope 


Design  Structural  Limit 


Calibrated  Airspeed  (kts) 


Figure  1  (3.1.7) 

F-4D  Airspeed/Normal  Load  Factor  Envelope 
Air-To-Air  Mission  -  Sea  Level 
37,500  lb  Gross  Weight 
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Permissible  flight  envelope 
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Figure  1  (3.1.7)  (Cont.) 

F4D  Airspsed/Normal  load  Factor  Envelope 
Air-to-Air  Mission  *  Sea  Level 
37,500  lb  Gross  Weight 
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Calibrated  Airspeed  (kts) 


Figure  2  (3.1.7) 

F-4D  Airspeed/Normal  Load  Factor  Envelope 
Air-To-Air  Mission 
20,000  Ft  Altitude 
37,500  lb  Gross  Weight 
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Operational  flight  envelope 
Service  flight  envelope 


Calibrated  Airspeed  (kts) 


Figure  2  (3.1.7)  (Cont.) 

F-4D  Airspeed/Normal  Load  Factor  Envelope 
Air-to-Air  Mission 
20,000  Ft  Altitude 
37,500  lb  Gross  Weight 
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Figure  3  {3.1.7} 

F-4D  Airspeed/Normal  Load  Factor  Envelope 
Air-To-Air  Mission 
40,000  ft  Altitude 
37,500  lb  Gross  Weight 
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Figure  3  {3.1. 7}  (Cont.) 

F-4D  Airspeed/Normal  Load  Factor  Envelope 
Air-to-Air  Mission 
40,000  ft  Altitude 
37,500  lb  Gross  Weight 
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— -  Operational  flight  envelope 
—  Permissible  flight  envelope 


Figure  4  (3.1.7) 

F-4D  Speed/Altitude  Envelope 
Air-To-Air  Mission 
37,500  ib  Gross  Weight 
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Figure  4  (3.1.7)  (Cont.) 
F4D  Speed/AUiturfe  Envelope 
Air-T  o-Air  Missla  n 
37, SOD  lb  Gross  Weight 


94 


"  1  Operational  Flight  Envelope 
- —  Permissible  Flight  Envelope 


Figure  4  (3.1.7)  (Cont.) 
F-4D  Speed/ Altitude  Envelope 

Air-To-Air  Mission 
37.500  Lb  Gross  Weight 


3.1.10  Applications  of  Levels 
A.  REQUIREMENT 


3.1.10  Applications  of  Levels  -  Levels  of  flying  qualities  as  indi¬ 
cated  in  1.5  are  employed  in  this  specification  in  realization  of  the 
possibility  that  the  airplane  may  be  required  to  operate  under  abnormal 
conditions.  Such  abnormalities  that  may  occur  as  a  result  of  either  flight 
outside  the  Operational  Flight  Envelope,  the  failure  of  airplane  components, 
or  both,  are  permitted  to  comply  with  a  degraded  Level  of  flying  qualities 
as  specified  in  3.1.10.1  through  3.1.10.3.3. 

3.1.10.1  Requirements  for  Airplane  Normal.  States  -  The  minimum  required 
flying  qualities  for  Airplane  Normal  States  (3.1.6.l) are  as  shown  in  Table 
II. 


Table  II.  Levels  for  Airplane  Normal  States 


Within 

Within 

Operational  Flight 

Service  Flight 

Envelope 

Envelope 

Level  1 

Level  2 

3.1.10.2  Requirements  for  Airplane  Failure  States  -  When  Airplane 
Failure  States  exist  (3. 1.6. 2),  a  degradation  in  flying  qualities  is  per¬ 
mitted  only  if  the  probability  of  encountering  a  lover  Level  than  specified 
in  3?  1. 10.1  is  sufficiently  small.  At  intervals  established  by  the  pro¬ 
curing  activity,  the  contractor  shall  determine,  based  on  the  most  accurate 
available  data,  the  probability  of  occurrence  of  each  Airplane  Failure  State 
per  flight  and  the  effect  of  that  Failure  State  on  the  flying  qualities  with¬ 
in  the  Operational  and  Service  Flight  Envelopes.  These  determinations  shall 
be  based  on  MIL-STD-756  except  that  (a)  all  airplane  components  and  systems 
are  assumed  to  be  operating  for  a  time  period,  per  flight,  equal  to  the 
longest  operational  mission  time  to  he  considered  by  the  contractor  in 
designing  the  airplane,  and  (b)  each  specific  failure  is  assumed  to  be 
present  at  whichever  point  in  the  Flight  Envelope  being  considered  is  most 
critical  (in  the  flying  qualities  sense).  From  these  Failure  State  prob¬ 
abilities  and  effects,  the  contractor  shall  determine  the  overall  probability, 
per  flight,  that  one  or  more  flying  qualities  are  degraded  to  Level  2  because 
of  one  or  more  failures.  The  contractor  shall  also  determine  the  probability 
that  one  or  more  flying  qualities  are  degraded  to  Level  3.  These  prob¬ 
abilities  shall  be  less  than  the  values  shown  in  Table  III. 
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Tabla  III.  Levels  for  Airplane  Failure  States 


K*»U£S  **  • 


Probability  of 
Encountering 

Within  Operational 
Flight  Envelope 

Within  Service 

Flight  Envelope 

Level  2  after  failure 

<  10“^  per  flight 

^><c 

Level  3  after  failure 

<10"4  per  flight 

<  10"^  per  flight 

In  no  case  shall  a  Failure  State  (except  an  approved  Special  Failure 
State)  degrade  any  flying  quality  outside  the  Level  3  limit. 

B.  APPLICABLE  PARAMETERS 

Levels  of  flying  qualities  for  Airplane  Normal  States . 

Levels  of  flying  qualities  for  Airplane  Failure  States. 

Probabilities  of  encountering  Airplane  Failure  States . 

C .  F-U  CHARACTERISTICS 

3.1.10.1 

The  quantitative  and  qualitative  evaluations  of  F-U  normal  state  levels 
of  flying  qualities  for  the  various  requirements  of  this  specification  are 
presented,  where  available,  in  the  applicable  paragraphs. 

3.1.10.2 

Quantitative  and  qualitative  evaluations  of  F-U  failure  state  levels 
of  flying  qualities  are,  by  nature,  very  limited.  The  available  data  and 
comments  are  presented  in  the  applicable  paragraphs. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Not  applicable, 

E.  DISCUSSION 

3.1.10.1 

The  requirement  to  attain  Level  1  flying  qualities  within  the  opera¬ 
tional  flight  envelope  and  Level  2  flying  qualities  within  the  service 
flight  envelope  for  Airplane  Normal  States  is  considered  reasonable. 

3.1.10.2 

The  desire  to  limit  the  probability  of  encountering  Level  2  and/or  3 
flying  qualities  after  failure  is  understood  and  reasonable.  However,  the 
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permissible  probabilities  are  considered  conservative,  particularly  if  the 
failure  probability  is  based  on  the  longest  operational  mission.  For  the 
sample  missions  presented  in  3.1.1)  the  longest  mission  time  is  2.46  hours 
(special  weapon  attack  mission) ;  however,  for  the  purpose  of  computing 
failure  state  probabilities,  the  absolute  longest  F— 4  mission  time  would  be 
used,  i.e.,  a  ferry  range  mission  with  inflight  refueling  and  a  mission  time 
3f  6.29  hours.  In  this  case,  if  the  requirements  of  this  section  were  met, 
the  actual  probability  of  encountering  Level  2  within  the  operational 
envelope  for  other  than  ferry  missions,  would  be  .4  x  10  or  once  in  250 
flights,  the  corresponding  probability  of  encountering  Level  3  would  be  ,4 
x  10“4  or  once  in  25,000  flights.  For  aircraft  with  more  stringent  ferry 
range  requirements,  the  probabilities  could  be  even  less. 

It  is  acknowledged  that  the  prediction  of  failure  probabilities  is  not 
an  exact  science  and  that,  as  a  result,  some  conservatism  should  be  employed. 
However,  since  Level  2  flying  qualities  are  "adequate  to  accomplish  the  mis¬ 
sion  flight"  and  Level  3  flying  qualities  are  "such  that  the  airplane  can  be 
controlled  safely,"  the  permissible  probabilities  based  on  the  longest 
operational  mission  time  are  considered  overly  conservative. 

F.  RECOMMENDATIONS 

3.1.10 

None. 

3.1.10.1 

None. 

3.1.10.2 

The  mission  time  on  which  the  probabilities  are  based  should  be  revised 
to  a  less  conservative  level. 
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3.1.10.2.1  Requirements  for  Specific  Failures 

A.  REQUIREMENT 

3.1.10.2.1  Requirements  for  Specific  Failures  -  The  requirements  on 
the  effects  of  specific  types  of  failures,  e.g.,  propulsion  or  flight  con¬ 
trol  system,  shall  be  met  on  the  basis  that  the  specific  type  of  failure 
has  occurred,  regardless  of  its  probability  of  occurrence. 

B.  APPLICABLE  PARAMETERS 
None, 

C.  F-U  CHARACTERISTICS 

See  treatment  of  requirements  of  3.3.9  and  3.3.5* 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 

This  requirement  appears  reasonable  as  written. 

F.  RECOMMENDATION 
None . 
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3.1.10.3  Exceptions 


A.  REQUIREMENT 

3.1.10.3  Exceptions 

3.1.10.3.1  Ground  Operation  and  Terminal  Flight  Phases  -  Some  require¬ 
ments  pertaining  to  takeoff,  landing,  and  taxiing  involve  operation  outside 
the  Operational,  Service  and  Permissible  Flight  Envelopes,  as  at  Vg  or  on 
the  ground.  When  requirements  are  stated  at  conditions  such  as  these,  the 
Levels  shall  be  applied  as  if  the  conditions  were  in  the  Operational  Flight 

Envelope . 

3.1.10.3.2  When  Levels  Are  Hot  Specified  -  Within  the  Operational  and 
Service  Flight  Envelopes,  all  requirements  that  are  not  identified  with 
specific  Levels  shall  be  met  under  all  conditions  of  component  and  system 
failure  except  approved  Airplane  Special  Failure  States  (3. 1.6. 2.1). 

3.1.10.3.3  Flight  Outside  the  Service  Flight  Envelope  -  From  all 
points  in  the  Permissible  Flight  Envelopes,  it  shall  be  possible  readily 
and  safely  to  return  to  the  Service  Flight  Envelope  without  exceptional 
pilot  skill  or  technique,  regardless  of  component  or  system  failures.  The 
requirements  on  stall,  spin,  and  dive  characteristics,  on  dive  recovery 
devices,  and  on  approach  to  dangerous  flight  conditions  shall  also  apply. 

B.  APPLICABLE  PARAMETERS 

None . 

C.  P-4  CHARACTERISTICS 

For  data  on  the  specific  requirements  mentioned  in  3.1.10.3,  refer  to 
the  relevant  paragraphs  of  those  requirements. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

None. 

E.  DISCUSSION 

None. 

F.  RECOMMENDATION 

None. 
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3.1  General  Requirements 
Final  Discussion 


The  authors  do  not  disagree  with  intent  of  this  section;  however,  the 
approach  is  considered  idealistic.  The  overall  intent  is  to  ensure  ade- 
q late  design  and,  at  the  same  time,  to  prevent  over-design  of  a  new  procure¬ 
ment.  However,  strict  application  of  the  requirements,  although  conceivably 
accomplishing  these  objectives,  may  be  nearly  impossible  to  complete  and  the 
associated  cost  penalties  could  outweigh  the  resulting  benefits . 

There  is  a  practical  need  to  restrict  the  total  number  of  operations 
within  reasonable  limits.  Considering  as  an  example,  one  mission  (air-to- 
air),  on  the  F-1+,  the  flight  phases  have  been  established,  the  configurations, 
loadings,  normal  and  failure  states  defined,  and  the  flight  envelopes  con¬ 
structed.  For  this  sample  mission,  which  has  a  relatively  simple  external 
store  arrangement  of  four  fuselage-mounted  Sparrow  missiles,  more  than  50 
failure  states  have  been  defined.  The  list  is  very  conservative  and  does 
not  include  failure  propagation  or  combinations  of  failures .  In  view  of  the 
fact  that  an  actual  procurement  might  involve  more  missions  with  more  com¬ 
plex  external  store  loading  configurations  and  more  failures,  it  is  ques¬ 
tionable  whether  the  amount  of  effort  involved  in  defining  all  the  possible 
failure  states  and  the  associated  flying  qualities  is  justified  by  the 
resultant  benefits. 

The  permissible  probabilities  for  degraded  flying  qualities,  in  com¬ 
bination  with  the  mission  time  upon  which  the  probabilities  are  based,  are 
considered  conservative^  As  discussed  in  3.1.10.2,  these  requirements  would, 
in  practice,  permit  degradation  to  Level  2  within  the  operational  flight 
envelope  only  once  in  250  flights  and  to  Level  3  only  once  in  25,000  flights. 
Since  Level  2  flying  qualities  are  considered  adequate  to  perform  the  mis¬ 
sion,  the  probability  of  mission  abort  due  to  flying  qualities  degradation 
would  be  far  less  than  that  due  other  factors,  e.g.,  weather,  failure  of 
weapon  delivery  systems,  or  failure  of  environmental  system.  In  this  sense, 
the  aircraft  flying  qualities  could  be  considered  as  overdesigned. 

The  above  discussion  has  been  presented  to  illustrate  the  impact  of 
Section  3.1.  Specific  recommendations  for  revision  of  certain  paragraphs 
have  been  presented  in  the  applicable  paragraphs.  Specific  recommendations 
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for  revision  of  airplane  failure  states  requirements,  3. 1.6. 2  and  3.1.10.2, 
are  not  considered  to  be  within  the  scope  of  this  contract.  However,  con¬ 
sideration  should  be  given  to  revising  these  paragraphs  to  reduce  the 
magnitude  of  the  task  required  to  show  compliance  and  to  reflect  less 
conservative  permissible  probabilities  of  encountering  degraded  flying 

qualities . 

ATR  FORCE  COMMENTS; 

The  Air  Force  considers  the  required  failure  analyses  essential  and 
believes  that  further  experience  will  show  users  that  the  requirement  is 
workable  (see  discussion  of  3. 1.6. 2).  On  the  impact  of  external  stores: 
o  The  contract  will  state  a  limited  group  of  stores, 
o  The  normal  flying  qualities  with  each  of  these  store  combinations 

must  be  considered  anyway . 

o  For  most  failures  then,  use  the  "worst-case"  store  complement 
(Rational  probabilities  cannot  be  assigned  to  various  store 
combinations). 

o  The  number  of  possible  store  and  release  failures  to  be  considered 
will  be  quite  finite. 

In  respect  to  other  system  failures ,  the  number  to  be  considered  is 
not  really  so  significant  when  bearing  in  mind  the  following: 

o  Only  failures  that  affect  flying  qualities  need  be  considered 
(e.g.  failures  that  result  in  abnormal  external  configuration, 
flight  control  system  failures,  power  supply  failures) 
o  Of  the  above  failures,  only  a  few  will  have  specific  requirements 
regarding  the  failure  effect,  (e.g.  other  than  failure  transients, 
there  are  no  requirements  on  pilot  relief  functions  such  as  Mach  hold, 

attitude  hold  etc.) 

o  Only  "worst  case"  conditions  need  be  considered,  and  this  fact  reduces 
the  number  of  points  in  the  envelopes  that  must  be  considered, 
o  Since  failure  effects  are  the  important  items,  all  failures  that 
lead  to  the  same  effect  can  be  "lumped"  for  the  purpose  of  calcula¬ 
ting  failure  probabilities  (e.g.  yaw  damper  fails  hard-over,  free, 
or  in-position  regardless  of  number  and  type  of  detailed  component 
failures).  This  approach  is  normally  used  for  reliability  analyses. 
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Thus,  the  failure  aspects  are  not  as  insurmountable  as  might  appear  at  first. 
In  fact,  complete  flight  control  system  studies  have  been  made  {see 
References  BIT  and  Bl8)  the  latter  for  the  complicated  F-lll  system. 

A  complete,  after-the-fact,  failure  analysis  may  not  be  appropriate  to 
the  study  reported  in  this  document,  considering  constraints  on  time  and 
funds,  but  such  failure  analyses  are  practical  and  important  to  future  system 
developments . 


3.2  Longitudinal  Flying  Qualities 

3.2.1  Longitudinal  Stability  with  Respect  to  Speed 

3. 2. 1.1  Longitudinal  Static  Stability 

A.  REQUIREMENT 

3. 2. 1.1  Longitudinal  Static  Stability  -  There  shall  he  no  tendency  for 
the  airspeed  to  diverge  aperiodically  when  the  airplane  is  disturbed  from 
trim  with  the  cockpit  controls  fixed  and  with  them  free.  This  requirement 
will  be  considered  satisfied  if  the  variations  of  elevator  control  force  and 
elevator  control  position  with  airspeed  Eire  smooth  and  the  local  gradients 
stable,  with: 

Trimmer  and  throttle  controls  not  moved  from  the  trim  settings  by  the  crew, 
and 

lg  acceleration  normal  to  the  flight  path,  and 
Constant  altitude 

over  a  range  about  the  trim  speed  of  tl5  percent  or  150  knots  equivalent  air¬ 
speed,  whichever  is  less  (except  where  limited  by  the  boundaries  of  the 
Service  Flight  Envelope).  Stable  gradients  mean  increasing  pull  forces  and 
aft  motion  of  the  elevator  control  to  maintain  slower  airspeeds  and  the 
opposite  to  maintain  faster  airspeeds.  The  term  gradient  does  not  include 
that  portion  of  the  control  force  or  control  position  versus  airspeed  curve 
within  the  preloaded  breakout  force  or  friction  range. 

3. 2. 1.1.1  Relaxation  in  Transonic  Flight  -  The  requirements  of  3. 2. 1.1 
may  be  relaxed  in  the  transonic  speed  range  provided  any  divergent  airplane 
motions  or  reversals  in  slope  of  elevator  control  force  and  elevator  control 
position  with  speed  are  gradual  and  not  objectionable  to  the  pilot.  In  no 
case,  however,  shall  the  requirements  of  3. 2.1.1  be  relEixed  more  than  the 
following: 

(a)  Levels  1  and  2  -  For  center-stick  controllers,  no  local  force 
gradient  shall  be  more  unstable  than  3  pounds  per  0.01  M  nor  shall 
the  force  change  exceed  10  pounds  in  the  unstable  direction.  The 
corresponding  limits  for  wheel  controllers  are  5  pounds  per  0.01  M 
and  15  pounds,  respectively. 

(b)  Level  3  -  For  center-stick  controllers,  no  local  force  gradient 
shall  be  more  unstable  than  6  pounds  per  0.01  M  nor  shall  the 
force  ever  exceed  20  pounds  in  the  unstable  direction.  The 
corresponding  limits  for  wheel  controllers  Eire  10  pounds  per 
0.01  M  and  30  pounds,  respectively. 

This  relaxation  does  not  apply  to  Level  1  for  any  Flight  Phase  which 
requires  prolonged  transonic  operation. 
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Br  APPLICABLE  PARAMETERS 

(1)  Longitudinal  control  force  variation  with  speed. 

(2)  Longitudinal  control  position  variation  with  Bpeed. 

Feel/Trim  System  SI 

C.  F-4  CHARACTERISTICS 

High  Lift  Configuration  -  Figure  1  (3. 2.1.1)  presents  PA  configuration 
longitudinal  control  force  and  stabilator  position  variation  with  airspeed 
deviation  from  trim,  for  the  F-4B  aircraft  with  the  original  (Si)  feel/ 
trim  system.  All  data  presented  were  obtained  using  the  stabilized  point 
method.  Stick  force  gradients  are  weakly  stable  at  airspeeds  above  trim 
and  approach  neutral  at  airspeeds  below  trim.  Stick  fixed  stability  is 
nearly  neutral  at  all  conditions. 

Cruise/Combat  Configuration  -  Figure  2  (3. 2.1.1)  presents  longitudinal 
control  force  and  stabilator  position  variation  with  Mach  number  for  con¬ 
figurations  P  (MET),  P  (MAT),  and  CR,  of  the  F-4B  with  the  SI  feel/trim 
system.  Data  are  presented  for  an  altitude  range  of  5*000  to  35*000  feet 
and  a  center  of  gravity  range  from  25 » 5$  to  34.2$.  Stick  fixed  stability 
varies  between  slightly  positive  and  slightly  negative.  Stick  free  stability 
is  positive  at  all  altitudes  and  c.g.’s,  investigated.  The  most  unstable 
transonic  force  gradient  and  force  change  is  1  lb.  per  01M  and  2  lb., 
respectively,  from  Reference  N4,  both  of  which  are  well  within  the  level 
1  and  2  requirement. 

D,  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

A  summary  of  pilot  comments  from  References  N2  and  N4  indicate  that, 
for  the  SI  feel/trim  system: 

o  "PA  configuration. . .longitudinal  stick  force  gradients  are  satis¬ 

factory."  (E3),  Figure  1  (3. 2.1.1). 

"(Configurations  CR  and  P)... neutral  to  unstable  stabilator  position 
gradients  with  respect  to  airspeed. . .and  the  high  longitudinal  control  sys¬ 
tem  friction  make  it  extremely  difficult  to  establish  and  maintain  a  trimmed 
flight  condition..  "  (E4),  Reference  N4,  F-4B,  Figure  2  (3. 2.1.1). 
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Feel/Trim  System  S2 

C.  F-4  CHARACTERISTICS 

High  Lift  Configuration  -  Figure  3  (3. 2.1.1)  presents  typical  longitudinal 
control  force  and  stabilator  position  variation  with  airspeed  deviation  from 
trim  for  the  F-4B  with  the  S2  feel/trim  system  in  configuration  PA.  Both 
stick  free  and  stick  fixed  stability  gradients  are  positive. 

Cruise/Combat  Configuration  -  Static  longitudinal  stability  at  40,000 
ft.  is  presented  in  Figure  4  (3.2.1.1)  for  the  F-4B  with  the  S2  feel/trim 
system  in  configurations  CR,  P,  and  CO.  The  center  of  gravity  range  pre¬ 
sented  is  limited  to  32.0$  and  33.0$  due  to  lack  of  data.  Stick  fixed 
stability  is  generally  neutral  to  unstable,  whereas  stick  free  is  positive 
with  the  exception  of  a  double  control  force  reversal,  transonically ,  for 
both  conditions  tested.  The  most  unstable  transonic  force  gradient  and  force 
change  is  1.8  lb  per  .01M  and  6  lb.,  respectively,  from  Reference  HU.  The 
force  gradient  and  change  meet  the  Level  1  and  2  requirements . 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

A  summary  of  pilot  comments  from  Reference  Nil  indicate  that  for  the 
S2  feel/trim  system: 

o  "The  static  longitudinal  stability  in  configuracion  PA  was  satis¬ 

factory  (C3) Figure  3  (3. 2.1.1). 

"Static  longitudinal  stability  at  40,000  ft... in  configurations  CR, 

P  and  CO... was  stable  up  to  the  transonic  region,  where  a  double  control 
force  reversal  occurred.  Supersonically,  the  gradient  was  again  stable 
with  a  total  force  change  of  about  21  lb.  from  1.1M  to  1.6M...the  control 
force  reversals  were  apparent  but  not  objectionable  (C3).  Figure  4 
(3. 2. 1.1). 

"At  5000  ft... the  control  force  gradient. .  .was  linear  and  strongly 
stable  to  about  550  KCAS  where  a  slight  reversal  occurred.  The  control 
force  reversal  from  550  to  580  KCAS  was  mild.  The  neutral  to  unstable 
gradient  above  630  KCAS  was  not  objectionable  since  forces  were  easily 
trimmed  out  during  accelerations  (C3)."  Reference  Nil,  F-4b,  Figure  4 
(3. 2. 1.1). 
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Feel/Trim  System  S3 

C.  F-4  CHARACTERISTICS 

High  Lift  Configuration  -  Figures  5  (3. 2.1.1)  through  8  (3. 2.1.1) 
present  stick  force  and  stabilator  position  variation  with  airspeed  devia¬ 
tion  from  trim  for  various  models  of  the  F-4  aircraft.  Figure  9  (3. 2. 1.1) 
is  an  attempt  to  illustrate  the  influence  of  the  control  force  gradient  on 
pilot  rating. 

Included  in  the  plots  are  data  for  the  power  approach,  takeoff,  and 
waveoff  configurations  at  various  c.g.  positions  and  fcr  the  F-4K  and  F-4M 
with  Rolls-Royce  engines.  All  the  data  presented  were  obtained  using  the 
stabilized  point  method,  and  the  airspeed  scale  has  been  normalized  about  the 
trim  speed  for  consistency  in  all  the  plots.  In  general,  stick  fixed  sta¬ 
bility  is  nearly  neutral  at  all  conditions,  and  stick  free  stability,  due 
mainly  to  the  bellows  feel  force,  is  slightly  positive  for  all  test  cases. 

The  data  presented  are  all  NATC  results ,  partly  because  Cooper  ratings 
are  given  more  frequently  than  in  USAF  reports  and  partly  because  the 
carrier  approach  phase  places  p  strict  requirement  on  static  stability. 

Cruise/Combat  Configuration  -  Figures  10  (3. 2.1.1)  through  15  (3. 2.1.l) 
present  stick  force  and  stabilator  position  data  for  various  F-4  models  in 

the  cruise/combat  configuration. 

/  . 

Data  are  included  for  various  CG  positions,  stores  and  flight  condi¬ 
tions,  and  were  obtained  by  acceleration/deceleration  methods. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

High  Lift  Configuration 

Reference  Nil  is  an  NATO  comparison  of  feel/trim  systems  S2  and  S3, 
and  for  the  PA  configuration: 

o  "The  differences  in  the  longitudinal  control  force  gradients  between 
the  [82]  and  [S3]  configurations  were  qualitatively  indiscernible  during 
static  stability  tests.  The  only  differences  noted  during  landing 
approac.  cs  were  the  reduction  of  breakout  forces ,  and  the  wider  trim  speed 
band  apparent  during  waveoffs,  bolters,  and  catapult  launches  in  the  [S3] 
configuration. .. (C3) ."  Reference  Nil,  F/RF-4B  Figure  6  (3. 2.1.1). 

Reference  N12  is  an  NATO  evaluation  of  the  F-4K,  which  is  equipped 
with  Rolls-Royce  Spey  engines: 

o  "The  static  longitudinal  stability  in  configuration  PA  was  essentially 
neutral  within  a  25  kt  airspeed  band  as  illustrated  in  [Figure  7  (3. 2.1.1)] 
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even  though  the  breakout  forces  averaged  less  than  1/2  lb  (C4. 5 ) . . .The  con¬ 
trol  force  gradient  with  airspeed  was  slightly  stable  17  to  35  kt  above  trim 
and  8  to  20  kt  below  trim. ..The  stabilator  was  easily  displaced  from  trim 
inadvertently  because  of  the  light  breakout  forces  (less  than  1/2  lb.), 
and,  once  displaced,  the  airspeed  could  increase  or  decrease  as  much  as 
10  kt  before  the  pilot  would  realize  that  an  out-of-trim  condition  existed." 
Reference  N12,  7-tK. 

This  report  gives  a  C6  rating  to  the  carrier  approach  flight  phase, 
citing  as  contributory  factors  to  the  speed  stability  th«  i1'  ability  to 
stabilize  on  approach  speed  due  to  engine  response  characteristics,  lateral 
directional  oscillations,  and  marginal  roll  response.  Bo  Cooper  rating 
was  attached  to  the  comments  on  throttle  response,  but  the  prime  factors 
mentioned  were  throttle  free-play,  excessive  thrust  changes  with  small 
throttle  movements,  and  asymmetric  engine  operation.  The  rating  attached 
to  the  two  lateral-directional  characteristics  was  C4.5. 
o  "The  static  longitudinal  stability  in  configuration  PA  was  essen¬ 

tially  neutral  within  a  28  kt  airspeed  band  even  with  breakout  forces  of 
less  than  one  pound  (C4. 5)  ••  .Control  force  lightening  was  experienced  20 
kt  below  trim,  which  resulted  in  virtually  no  control  forces  present  to 
warn  the  pilot  of  his  slow  speed  condition  (CU.5)."  Reference  N13,  F-4M, 
Figure  7  (3. 2.1.1). 

o  "Stick  force  gradients  were  essentially  linear  through  trim  for 

all  c.g.  positions  tested.  The  gradients  varied  from  0.21  lb/kt  at  29.1$c 
to  0.13  lb/kt  at  36$c...for  small  airspeed  displacements  from  trim,  static 
longitudinal  stability  was  not  apparent  to  the  pilot  due  to  the  poor 
longitudinal  cockpit  control  centering  which  reduced  control  force  air¬ 
speed  cues  (C3)."  Reference  Nl4,  F-4j.  In  fact,  the  low  speed  longitu¬ 
dinal  stick  centering  per  se  warranted  a  rating  of  C4.5. 

This  report  also  evaluated  longitudinal  static  stability  in  the  take¬ 
off  configuration: 

o  "The  longitudinal  control  force  gradients  in  configuration  TO  were 
slightly  stable  through  trim  with  an  average  gradient  of  0.06  lb/kt.  The 
extremely  shallow  longitudinal  control  force  gradient  in  configuration  TO 
resulted  in  insufficient  pilot  cues  to  attitude  or  airspeed  change  during 
a  critical  phase  of  flight  and  resulted  in  a  tendency  to  overcontrol  pitch 
attitude  immediately  after  takeoff  ( CU . 5 ) • "  Reference  Nl4,  F-4j ,  Figure  5 
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(3. 2. 1.1). 

Static  longitudinal  stability  in  takeoff  configuration  was  also 
evaluated  in  Reference  Nl8: 

0  "The  test  airplane  exhibited  neutral  static  longitudinal  stability 

within  t.20  kt  of  trim  in  configuration  TO  where  th  >  stick  force  variation 
with  airspeed  was  masked  by  the  breakout  plus  friction  band  (CU.5)  as  shown 
in  [Figure  5  (3. 2. 1.1)3.  The  lack  of  static  longitudinal  stability  in 
configuration  TO  denies  the  pilot  adequate  airspeed  stick  force  cues, 
required  excessive  pilot  attention  to  airspeed,..."  Reference  Hl8,  F-bB. 

Reference  N23  is  an  NATO  evaluation  of  the  F-4M  which  is  powered  by 
the  Rolls-Royce  Spey  engines: 

o  "An  attempt  was  made  to  evaluate  the  static,  dynamic,  and  maneuvering 
longitudinal  stability  characteristics  in  configurations  PA  and  PA  1/2. 
however,  the  lack  of  longitudinal  stick  centering  in  these  configurations 
prevented  acquisition  of  meaningful  quantitative  data.  Qualitatively ,  the 
lack  of  longitudinal  stick  centering  resulted  in  negative  static  and 
maneuvering  longitudinal  stability .. .without  stability  and  control  instru¬ 
mentation,  no  indications  were  apparent  that  the  airplane  possessed  even 
neutral  static  stability  in  configuration  PA  and  PA  1/2  at  nominal  approach 
center-of-gravity  positions  (28.5  to  32%  MAC).  Any  deviations  from  trim 
airspeed  were  followed  by  a  further  departure  from  the  trim  airspeed  with 
no  tendency  for  the  airplane  to  return  to  trim. ..  (C4. 5) ...  .contributes  to 
the  poor  approach  handling  characteristics  of  the  airplane. . .the  pilot  had 
to  devote  an  inordinate  amount  of  time  to  monitoring  angle-of-attack. " 
Reference  N23,  F-^M. 

An  evaluation  of  longitudinal  static  stability  in  configuration  WO 
appears  in  Figure  8  (3-2.1.1): 

o  "The  weak  stability  in  configuration  WO  denies  the  pilot  adequate 
stick  force  airspeed  cues  during  a  critical  phase  of  flight. . .degrades 
mission  effectiveness  by  requiring  excessive  pilot  attention  to  airspeed 
control. . .Correction  of  this  deficiency  is  desirable  for  improved  service 
use."  (E4) ,  Reference  Nl8  ,  F-^J. 

Figure  11  (3. 2.1.1)  shows  stick  force  and  stabilator  position  plots 
for  the  F-UJ  at  various  c.g.  positions  and  two  loading  conditions.  The 
destabilizing  effect  of  the  wing  tanks  degrades  the  pilot  opinion  rating 
from  C3  to  CU.5  (Reference  Nl4). 
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Figure  12  (3. 2.1.1)  also  shows  F-4j  data  with  extreme  aft  and  forward 
c.g.  positions.  The  aft  c.g.  case  is  aft  of  both  the  NATOPS  limits  and  the 
limits  recommended  by  the  report  (Reference  N21),  and  although  no  pilot 
opinion  rating  is  quoted  the  flying  qualities  must  be  assumed  to  be  unsatis¬ 
factory  but  not  unacceptable  (El*  or  E5).  At  the  forward  c.g.,  a  rating  of 
E3  is  assumed.  (Reference  N2l). 

An  acceleration-deceleration  evaluation  of  the  F-l+C  appears  in  Figure 
13  (3. 2.1.1).  In  this  case,  the  velocity  range  is  particularly  large.  Ho 
pilot  opinion  was  given  by  this  report,  (Reference  A5). 

o  "Supersonically  [with  two  aft  AIM-7 's  loaded]  the  gradient  was  slightly 
stable  with  the  push  force  increasing  8  lb  from  1.2M  to  1.55M.  Above  1.55M 
the  gradient  was  neutral. .  .Longitudinal  control  force  gradients  at  1*0,000  ft. 
...are  acceptable  (03)."  Reference  Nil*,  Figure  l4  (3. 2.1.1). 

Figure  15  (3. 2.1.1)  is  a  summary  of  stick  force  and  stabilator  position 
gradients  obtained  for  the  F-1*K  at  various  c.g.  positions  for  subsonic 
flight  conditions : 

o  "...negative  static  longitudinal  stability  (control- free)  is  discon¬ 
certing  and  can  be  dangerous  under  low  altitude,  high  speed  conditions  (C6)." 
Reference  H12,  F-l+K. 

This  report  also  states:  "...the  addition  of  some  external  store 
loadings  decreases  the  static  margin  with  the  same  c.g.  position  by  moving 
the  aerodynamic  center  forward  (2  x  370  wing  tanks  decrease  the  static 
margin  approximately  2 $  MAC)... with  full  internal  fuel  at  take-off  the  c.g. 
will  be  aft  of  3b%  MAC  for  approximately  50$  of  the  flight.  Hence,  the 
control- free  static  stability  will  be  essentially  neutral  or  possibly 
negative,  depending  on  the  loading  conditions,  for  that  portion  of  the 
flight."  This  does  not  imply  that  the  static  longitudinal  flying  qualities 
would  be  assessed  as  C6  for  50$  of  all  missions,  since  the  rating  quoted 
appears  to  be  for  LAHS  flight  only.  It  seems  safe  to  assume,  however,  that 
a  rating  of  e4,  i.e.  ,  Level  2,  could  be  attached  to  negative  static  sta¬ 
bility  for  some  missions.  Another  statement  is  "...neutral  static  longitu¬ 
dinal  stability  may  not  be  objectionable  for  a  fighter-bomber..."  which  is 
rather  more  favorable  than  the  requirements  of  3. 2.1.1  suggest.  Certainly 
the  method  of  testing  used,  with  a  large  velocity  range,  implies  that 
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gradients  should  be  fairly  light  in  order  to  avoid  excessive  control  forces 
at  extreme  ends  of  the  test  velocity  range.  This  assumes  that  the  test 
method  is  representative  of  actual  mission  flight  conditions  rather  than 
merely  a  test  method,  i.e.,  that  long  accelerations  or  decelerations  with¬ 
out  retrimming  might  be  encountered.  Inference  N12,  F-4K. 

Cruise/Combat  Configuration 

o  "At  aft  c.g.'s  the  pilot  was  offered  light,  or  no  stick  force  cues. 

Thus  it  was  difficult  to  maintain  a  fixed  trim  speed  without  monitoring 
airspeed. . .At  the  mid  c.g.  (32-  to  33-percent  MAC),  longitudinal  handling 
qualities  were  considered  marginal  [E3.5]  and  were  unacceptable  [E5J  at  the 
aft  c.g.  (34-  to  35.5-percent  MAC)."  Reference  A3,  F-4C. 

Reference  A3  also  evaluated  stability  with  various  loading  conditions; 
typical  results  appear  in  Figure  10  (3. 2.1.1). 

o  "The  test  procedure  consisted  of  trimming  the  aircraft  in  stabilized 

level  flight,  advancing  the  throttles  to  military  rated  thrust  and  then 

accelerating  at  a  constant  altitude  to  the  maximum  speed  for  military  thrust. 

When  the  maximum  speed  was  reached,  the  thrust  was  reduced  to  idle,  and  the 

aircraft  decelerated,  again  at  constant  altitude,  to  the  minimum  flying 

speed.  At  this  point,  the  throttles  were  again  advanced  to  military  thrust 

and  the  aircraft  was  accelerated  to  trim  speed."  In  most  test  cases,  this 

+  + 

represents  a  speed  range  very  much  greater  than  the  -  15  percent  or  -  50 
knots  quoted  in  the  requirement.  The  method  of  test  recommended  in  Reference 
B2,  page  630,  was  not  followed. 

Feel/Trim  System  S4 
C.  F-4  CHARACTERISTICS 

High  Lift  Configurations  -  Figure  17  (3. 2.1.1)  presents  longitudinal 
static  stability  data  in  configuration  PA  for  an  F-4E  and  a  modified  F-4B 
both  having  the  S4  feel/trim  system.  Both  stick  fixed  and  stick  free 
stability  gradients  are  slightly  positive  in  the  center  of  gravity  range  of 
the  available  data  -  29.0#  to  30.7#e. 

Cruise  Combat  Configurations  -  Typical  longitudinal  control  force  and 
stabilator  position  data  in  configurations  CR,  P,  and  CO  are  presented  in 
Figure  18  {3. 2.1.1)  for  an  F-4E  and  a  modified  F-4B,  which  have  the  S4 
control  system.  The  data  presented  covers  an  altitude  range  of  5,000  ft. 


Ill 


to  40,000  ft.  and  a  center  of  gravity  between  28.5$  and.  34.0$c.  Stick  free 
stability  ranges  from  positive  at  the  forward  c.g.'s  to  neutral  at  aft  c.g. 's. 
Stick  fixed  stability  is  nearly  neutral  at  all  test  conditions.  The  most 
unstable  transonic  force  gradient  and  force  change,  occurring  at  a  c.g.  of 
34$c  is  1,2  lb.  per  .01M  and  18  lb.,  respectively.  The  force  gradient 
meets  the  Level  1  and  2  requirement  but  the  maximum  force  change  is  Level  3. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

A  summary  of  pilot  comments  from  Reference  A7  and  Nil  indicate  that  for 
the  S4  feel/ trim  system: 

o  "In  PA  (configuration) .. .at  aft  c.g.'s  or  (with  external  stores) 

...the  pilot  (reported)  little  or  no  apparent  speed  stability.  At  forward 
c.g.'s  with  no  stores,  the  apparent  speed  stability. . .was  still  unsatis¬ 
factory  at  the  normal  approach  angle  of  attack... The  stick  centering  was 
also  unsatisfactory. . .The  lack  of  adequate  airspeed  stick  force  cues 
required  excessive  pilot  attention  to  longitudinal  control  during  instrument 
landing  conditions."  (CH4)  Reference  A7»  F-4E.  Figure  17  (3. 2. 1.1). 
o  "The  apparent  speed  stability  was  unstable  for  supersonic  speeds 

even  at  mid  c.g.'s.  This  instability,  while  undesirable,  was  not  considered 
unsatisfactory  (CH3)."  Reference  A7,  F-4E,  Figure  18  (3. 2.1.1). 
o  "(at  40 ,000  ft)... the  control  force  gradient  was  essentially  neutral  up 
to  the  transonic  region  where  a  double  force  reversal  occurred  similar  to 
those  experienced  [with  the  S3  system].  The  control  force  gradient  at 
speeds  greater  than  1.2M  was  slightly  stable  becoming  essentially  neutral 
above  1.5M.  The  neutral  control  force  gradients .. -would  derogate  mission 
suitability  during  subsonic  cruising. . .and  during  supersonic  radar  tracking 
...especially  under  night  or  instrument  conditions  (c4.5)."  Reference  Nil, 
F-4B,  Figure  18  (3. 2.1.1). 

o  "The  control  force  gradient  at  5000  ft  (was)  slightly  stable  to  un¬ 
stable... in  the  normal  service  airspeed  range... the  existence  of  an  unstable 
gradient  under  a  normal  loading  condition  (2  ext.  370  gal.  wing  tanks)... is 
unsatisfactory  (c6)...The  strong  unstable  control  force  gradient  at  speeds 
above  580  KCAS  was  unsatis factory  (C6)."  Reference  Nil,  F-4B,  Figure  18 
(3. 2. 1.1). 

o  "In  configuration  PA... The  control  force  gradient  decreased  to  an 


112 


unsatisfactory  level. .  .with  essentially  a  neutral  gradient  within  10  kt. 
of  tne  trim  airspeed  (C4.5).1'  Reference  Nil,  F-4B,  Figure  IT  (3. 2.1.1). 

Transonic  trim  changes  are  evident  in  some  of  the  data  discussed 
above.  Some  specific  comments  on  this  topic  are  reproduced  below, 
o  "...  at  40 ,000  ft . .  .reversals  experienced . . . appeared  qualitatively 

as  a  neutral  gradient  (C2)."  Force  change  2.0  lbs.,  gradient  0.3  lbs/ 

0.01  M. 

"...at  5,000  ft, ..a  sharp  increase  in  the  control  force  gradient 
transonically,  followed  by  an  unstable  gradient  at  speeds  greater  than 
600  KCAS  was  objectionable,  although  the  trim  changes  encountered  during 
an  acceleration  were  easily  controlled  (C4.5)."  Force  change  9.0  lb, 
gradient  0.9  lbs/0,01  M,  Reference  Nil,  F/RF-4B,  Figure  l4  (3. 2.1.1). 
o  "...at  40,000  ft... for  both  loadings  tested  [2  Sparrow  III  missiles 

on  aft  fuselage  stations,  with  or  without  2  external  wing  tanks]  the  stick 
force  gradient  through  the  transonic  region  exhibited  a  mild  double  reversal 
which  appeared  to  the  pilot  as  a  neutral  gradient. . .(C3) Reference  Nil. 
Force  change  3.0  lb,  gradient  4.0  lb/0.01  M.  Reference  Nil,  F-4J,  Figure 
14  (3. 2. 1.1). 

o  "The  transonic  trim  change  was  evident  from  0.9  to  1.1  Mach  number; 

however,  the  force  changes  were  small  (within  a  band  of  approximately  10 
pounds  in  the  transonic  range)  except  at  low  altitude.  At  supersonic  low 
altitude  conditions,  a  slight  force  reversal  (increasing  pull  force  with 
increasing  speed)  was  apparent ... [Force  change  8.0  lbs,  gradient  0.8  lbs/ 
0.01  Mj ., .objectionable  but  acceptable  [E5]  because  the  forces  could  easily 
be  trimmed  out."  Reference  A4,  F-4C,  Figure  16  (3. 2.1.1). 
o  "...transonic  trim  change  existed  between  0.85  and  1.05  Mach  number. 

This  trim  change  was  not  bothersome  during  transient  conditions  [E3j>" 

This  report  is  an  evaluation  of  the  F-4C  with  a  variety  of  loading  condi¬ 
tions:  the  worst  force  change  is  about  5.0  lbs.,  with  a  gradient  of  .6  or 
•  T  lbs/0.01  M,  Reference  A5,  F-4-C. 

°  "...transonic  trim  changes  resulted  in  reversals  in  elevator  con¬ 

trol  forces  as  great  as  8  pounds.  These  trim  changes  were  not  seriously 
objectionable  to  the  pilot  during  level,  transonic  accelerations  or 
decelerations  (CH3)."  Reference  AT,  F-4E,  Figure  18  (3. 2.1.1). 


113 


E.  DISCUSSION 

3. 2. 1.1 

Pilot  comments  concerned  with  PA  configuration  flying  qualities  indi¬ 
cate  that  neutral  stick  position  gradients  are  not  necessarily  objectionable , 
and, for  the  CR/CO  configuration, mildly  unstable  position  gradients  are  not 
necessarily  objectionable.  Of  course,  the  type  of  aircraft  involved  is  an 
important  factor;  neutral  static  stability  may  not  be  objectionable  for  a 
high-pe ■■formance  aircraft  (References  Nil  and  N12)  and  may  even  be  desir¬ 
able,  whereas  for  a  heavy  transport  the  situation  may  be  entirely  different. 
However,  based  on  F-4  characteristics  it  would  seem  reasonable  to  permit 
Class  IV  airplanes  to  have  neutral  position  gradients  during  Category  A  &  B 
flight  phases  for  Level  1  and  negative  position  gradients  during  Category 
A,  B,  and  C  for  levels  2  and  3  provided  "that  stable  to  neutral  force  gra¬ 
dients  are  maintained. 11 

In  general,  stick  force  characteristics  are  more  apparent  to  the  pilot 
than  the  position  characteristics,  and  these  are  a  strong  function  of 
mechanical  characteristics  such  as  friction,  breakout  force,  stick  centering, 
trim  capability,  etc.  In  fact,  the  data  suggest  that  these  factors  are  not 
considered  separately  by  the  pilot  but  that  their  overall  effect  is  evalu¬ 
ated  for  demanding  tasks  such  as  carrier  approach  or  radar  tracking  -  this 
being  a  more  meaningful  assessment  of  the  aircraft’s  flying  qualities.  In 
this  respect, a  review  of  F-4  characteristics  indicates  a  need  for  further 
restrictions  on  Paragraph  3. 2. 1.1  beyond,  "variations  of.. .force  and... 
position  with  airspeed  are  smooth  and. . .gradients  stable."  The  overall 
effect  of  other  associated  characteristics,  such  as  control  centering  and 
breakout  forces,  even  though  they  meet  the  requirements  of  Paragraph 
3. 5.2.1,  seem  to  degrade  the  overall  static  stability  characteristics  by 
1.5  Cooper-Harper  points  (Figures  3  and  h  (3. 5. 2.1).  This  "combined  effect" 
is  covered  in  Paragraph  3. 5.2.1  in  the  statement,  "...the  combined  effects 
of  centering,  breakout  force,  stability  and  force  gradient  shall  not  produce 
objectionable  flight  characteristics,..."  A  similar  statement  should  be 
included  in  Paragraph  3. 2. 1.1. 

The  progression  of  feel/trim  systems  on  the  F-4  from  S2  to  S4  indi¬ 
cates  a  desire  by  the  service  pilots  to  have  less  than  a  high  positive 
static  longitudinal  stability  gradient  on  the  F-4.  Epical  is  the  statement 


114 


from  Reference  Mil:  "Because  of  the  reduction  in  static  longitudinal 
stability  with  the  downsprings  removed. . .rapid  changes  in  altitude  and 
airspeed  do  not  result  in  large  out-of-trim  conditions ,  and  the  airplane 
is  more  easily  maneuvered  in  a  tactical  environment."  Paragraph  3. 6. 1.2, 
Rate  of  Trim  Operation,  acknowledges  the  possibility  that  large  out  of 
trim  conditions  may  be  objectionable  and  specifies  trim  rate  capability 
during  dives,  ground  attack  maneuvers,  and  level  flight  accelerations. 
However,  the  necessity  to  constantly  trim  in  a  tactical  environment  could, 
in  itself  be  objectionable.  Consequently,  consideration  should  be  given 
to  establishing  a  maximum  positive  stick  force  gradient  for  Class  IV  air¬ 
planes.  Mo  attempt  has  been  made  to  establish  a  positive  limit  during 
this  validation  because  of  the  uncertainty  that  the  limited  F-^4  data  avail¬ 
able  would  provide  a  valid  limit. 

The  method  of  test  in  the  referenced  flight  tests  is  as  recommended  in 
Reference  B2  for  the  PA  configuration,  i.e.,  the  stabilized  point  method, 
but  the  range  of  velocities  involved  in  the  flight’  test  CP /CO  configura¬ 
tion  accelerations  and  decelerations  is  much  wider  than  the  t±?%  or  t50 
kts  of  the  specification.  This  velocity  range  does  not  seem  to  be  unrea¬ 
sonable  for  a  Class  IV  aircraft,  for  instance,  in  the  CO  Flight  Phase. 
Reference  B2  recommends  accelerations  and  decelerations  at  trim  throttle 
setting,  a  method  which  is  about  twice  as  time-consuming  as  the  off-trim 
throttle  methods  used  in  the  customer  reports  on  the  F-h,  the  justification 
for  this  being  that  force  and  pitching  moment  disparities  due  to  off-trim 
throttle  settings  are  avoided.  However,  if  it  is  assumed, at  least 
for  Class  IV  aircraft,  that  large  velocity  ranges  are  to  be  used  for  stick 
force  and  position  variation  measurements  in  the  CR/CO  configuration,  the 
use  of  trim  r.p.m.  settings  would  not  necessarily  guarantee  trim  thrust  at 
all  speeds,  this  being  particularly  true  for  the  Spey  engines  in  the  case 
of  the  F-UK/M.  If  it  is  also  considered  that  these  methods  of  measuring 
"static  stability"  are  rather  arbitrary  anyway,  then  the  method  used  in  the 
reports,  with  its  obvious  acceptability  due  to  long  usage,  would  appear  to 
be  adequate. 

3.2.1. 1.1 

No  documented  support,  apart  from  Reference  Bl,  is  offered  by  Reference 
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B2  for  the  requirements  on  transonic  trim  changes.  F-^  experience, 

Table  I  (3. 2.1.1)  and  Figure  19  (3. 2.1.1),  provides  no  validation  of  the 
Level  3  limits.  However,  a  definite  trend  is  observed  with  regard  to  the  Levels 
1  and  2  limits,  i.e.,  provided  one  of  the  conditions  required  by  the  speci¬ 
fication  is  met,  then  failure  to  meet  the  other  does  not  degrade  pilot 
opinion.  Specifically,  a  steep  unstable  force  gradient  is  not  objection¬ 
able  provided  the  force  change  in  the  unstable  direction  is  small,  and 
conversely  a  large  force  change  is  not  objectionable  provided  the  gradient 
is  shallow.  Unfortunately,  data  are  lacking  which  would  give  pilot  opinions 
on  a  transonic  static  instability  where  both  the  force  gradient  and  change 
are  high.  The  available  data,  however,  are  believed  adequate  to  justify 
relaxing  the  Level  1  and  2  limits  for  Class  IV  aircraft  to  those  indicated 
in  Figure  19  (3. 2.1.1). 

F.  RECOMMENDATIONS 

3. 2.1.1 

(1)  Add  the  following  statement  to  the  requirement  after. . .friction 
range : 

"The  combined  effects  of  centering,  breakout  force,  stability, 
and  force  gradient  shall  not  produce  objectionable  flight  charac¬ 
teristics,  such  as  poor  precision— tracking  ability n  or  permit 
large  departures  from  trim  conditions  with  controls  free." 

(2)  Add  the  following  after  the  above: 

"The  above  requirements  apply  to  Class  I,  XI,  and  III  airplanes. 

For  Class  IV  airplanes  for: 

Level  1,  neutral  position  gradients  are  permitted  during  Cate- 
* 

gory  A  and  B  Flight  Phases, 

Levels  2  and  3,  negative  position  gradients  are  permitted  during 

Category  A,  B,  and  C  Flight  Phases, 

provided  that  force  gradients  remain  stable." 

(3)  A  maximum  positive  stick  force  gradient  limit  is  required. 

3.2. 1.1.1 

Revise  the  Level  1  and  2  requirements  to  those  indicated  in  Figure  19 

(3. 2. 1.1). 


116 


Table  I  (3.2.1. 1) 
Transonic  Trim  Changes 


Feel/ 

Trim 

System 

Reference 

/Figure 

Adverse 
Force  Change 
(Ihi 

82 

N11/3 

5.0 

N11/3 

6.0 

N11/4 

5:0 

S 

3 

A4/ZZ 

8.0 

Ml  1/3 

28 

mm 

8.0 

M13  and  N12/2 

7:0 

A5/53 

5.0 

N14/4 

38 

S4 

A4/25 

15:0 

A7/30 

8.0 

N11/3 

38 

Ml  1/4 

183 

i 


Specification 

Level 

Flight  Test 
Pilot  Opinion 

1.2 

C3 

1.2 

C3 

1,2 

C3 

1,2 

E5 

1,2 

CZ 

1,2 

C4.5 

1,2 

C3 

1,2 

E3 

3 

C3 

3 

E5 

1.2 

CH3 

1,2 

3 

C2 

C6 

135  KCAS  trim  10,000  ft  33,9001b  CG  @  29.8%  c,  (Rating  E3) 
157  KCAS  trim  5,000  ft  34,3701b  CG  @  27.5%  c,  (Rating  E3) 


Figure  1  (3.2. 1.1) 

Longitudinal  Stability  With  Respect  to  Speed 
Longitudinal  Static  Stability 
Feel/Trim  System  SI 
PA  Configuration 
References  N2  &  N4,  MB 
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P(MRT)  14,000  ft  37,400  lb 
CR  15,000  ft  33,9601b 
CR  5,000  ft  40,660  lb 
P  (MAT)  35,000  ft  34,210  lb 
P  (MAT)  35,000  ft  33,8201b 


CG  @  31.5%  c,  (Rating  E4) 
CG  @  25.5%  c,  (Rating  E4> 
CG  @  34.2%  c,  (Rating  E4) 
CG  @  25.5%  c,  (Rating  E4) 
CG@  29.7%  c,  (Rating  E4) 


Longitudinal 

Control 

Force 

(lb) 


Stabilator 

Position 

(deg) 


Figure  2  (3.2.1. 1) 

Longitudinal  Stability  With  Respect  to  Speed 
Longitudinal  Static  Stability 
Feel/Trim  System  SI 
References  N2  &  N4,  F-4B 


1.19 


135  KCAS  trim  3,000  ft  CG  @  29%  c  [Rating  C3) 


Longitudinal 

Control 

Position 

(deg) 


Figure  3  (3.2.1. 1) 

Longitudinal  Stability  With  Respect  to  Speed 
Longitudinal  StiTtc  Stability 
Feel/Trim  System  82 
PA  Configuration 
Reference  Nil,  F-4B 


40,000 ft  CG  @  32.0%c | (Rating  C3) 
5,000  ft  CG  @  33.0%c  ((Rating  C3} 


Mach  Number 


Figure  4  (3.2.1. 1) 

Longitudinal  Stability  With  Respect  to  Speed 
Longitudinal  Static  Stability 
Feel/Trim  System  S2 
CR/P/CO  Configuration 
Reference  Nil,  F-4B 
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186  KCAS  trim,  6,000  ft,  49,700  lb,  CG  @  35.7%  6, 
breakout  force  + 1.0  lb  (Rating  C4.5) 

160  &  180  KCAS  trim,  4,000  ft,  CG  33.3  to  36.3%  E, 
with  and  without  370  gal  wing  tanks  (Rating  C4.5) 


Longitudinal 
Control  Force 
(lb) 


10 

Stabilator 

Position  5 

(deg/TEU) 

0 

-3 

0  -2 

0  -10  0  10  20  3 

Airspeed  Deviation  From  Trim 
(kts) 


Figure  5  (3.2.1. 1) 
Longitudinal  Static  Stability 
Feel/Trim  System  S3 
TO  Configuration 
References  N14  &  N18,  F-4J 
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130  KCAS  trim,  3,000  ft,  CG  @  20%  5  breakout  force  1.0  lb  (Rating  C3) 
132  to  150  KCAS  trim,  3,000  ft,  CG  @  32%  C{ Rating  C3) 


Longitudinal 
Control  Force 
(lb) 


Stabilator 

Position 

{deg/TEU) 


— i-n.n::- _ 

30  -20  -10 

3  10  20  3 

Airspeed  Deviation  From  Trim 
(kts) 


Figure  6  (3.2.1. 1} 
Longitudinal  Static  Stability 
Feel/Trim  System  S3 
PA  Configuration 
Reference  Nit,  F/RF-4B 
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142  KCAS  trim,  5,000  ft,  GW  =  35,750  lb,  CG  @  30.9%  iff, 
breakout  force  =  + 1  lb  (Rating  E4) 

152  KCAS  trim,  5.000  ft,  GW  =  35,500  lb,  CG  @  31.8%  iff, 
breakout  force  +  1  lb  (Rating  C4.5) 

150  KCAS  trim,  5,{K)5  ft,  GW  ■=  38,000  lb,  CG  @  35%  iff, 

no  fwd.  Sparrows,  breakout  force  =  lb  (Rating  C4.5) 


Airspeed  Deviation  From  Trim 
(kt) 


Stabiiator 

Position 

(deg/TEU> 


Figure  7  (3.2.1.1) 

Longitudinal  Static  Stability 
Feel/Trim  System  S3 
PA  Configuration 

References  N12,  N13  &  N18,  F4K,  F4M  &  F4J 
12<4 


147  KCAS  trim,  5,000  ft,  38,370  lb,  CG  @  29.8%  c  (Rating  E4) 


Stabilator 

Position 

(deg/TEU) 


10 

5 


10  -20  -10  C 

)  10  20  31 

Airspeed  Deviation  From  Trim 
(kt) 


Figure  8  {3.2.1.1) 
Longitudinal  Static  Stability 
Feel/Triin  System  S3 
WO  Configuration 
Reference  N18,  F-4J 


0.65M  trim,  10,800  ft,  44200  to  43,400  ib  CG  34,1  to  33.3%  c 
2  x  370  gal  wing  tanks,  LAU-3/A  rocket  launcher 
SUU-21  bomb  dispenser,  LAU-17  pylon. 

Stick  forces  within  friction  band  @  MRT,  below  0.7M 
0.60M  trim,  5,500  ft,  48,000  to  47,600  lb.  CG  34.5  to  34.6%  c 
2  x  370  gal  wing  tanks,  LAU-3/A  rocket  launcher 
SUU-21  bomb  dispenser,  LAU-17  pylon.  Stick  forces 
within  friction  band  @  MRT. 


Acceleration  (MRT) 
Deceleration  (Idle  Thrust) 


Stabilator 

Position 

(deg) 


Mach  Number 


Figure  10  (3.2.1.1) 
Longitudinal  Static  Stability 
ffiii/Trim  System  S3 
Cruise  Configuration 
Reference  A3,  F*4C 
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-  g.OOO  ft,  CG  @  35.9%  c,  2  x  370  gal  wing  tank,  MAT  {Rating  C4.5) 
__  -  5(qoo  ft!  CG  @  35.8%  5,  two  sparrow  missiles  (aft),  MAT  (Rating£3) 

_ _  _  g!oOO  ft,  CO  @  32.3%  S,  two  sparrow  missiles  (aft).  MRT  (Rating  C3) 


Figure  11  (3.2.1.1) 
Longitudinal  Static  Stability 
Feel/Tritn  System  S3 
Cruise /Co  mbit  Conf  duration 
Reference  N14,  F-4J 
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—  35;000  ft,  41 ,900  lb,  CG  @  38.2%c,  2  x  370  gal  wing  tanks  (Rating  £3) 

—  35,000  ft,  39,400  lb,CG  3  29:0%  c,  2  x  370  gal  wing  tanks  6  x  MK-82  bombs  (Rating  £5) 

— {►  Acceleration  (MRT) 

•< —  Deceleration  (Idle  Thrust) 


Longitudinal 
Control  Force 
lib) 


Stabilator 

Position 

((deg) 


Figure  12  ((3.2.1. 1) 
Longitudinal  Static  Stability 
Feel/Trim  System  SB 
Oruise/Combat  (Configuration 
Reference  iN21,  (F-4J 
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0.83M  trim.  40,800  to  39,900  ft,  39,600  to  36,100  lb,  CG  @  32.6  to  31.4%  c 
r  ■ —  Acceleration  MAT 

__  a  ■  i  Deceleration  (idle  power) 


Stabitator 

Position 

(deg/TEU) 


Figure  13  (3.2.1.1) 
Longitudinal  Static  Stability 
Feel/Trim  System  S3 
Combat  Configuration 
Reference  A5,  F-4C 
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'  40,000  ft,  CG  @  31  to  36%  c,  with/out  2  x  370  gal.  wing  tanks.  Rating  C2 

■—  ■  . -  6,000  ft,  CG  @  33  to  35%  C,  with/out  2  x  370  gal.  wing  tanko. 

Subsonic:  Rating  C2  Trans/supersonic:  Rating  C4.5 
—  —  —  —  40,000  ft,  CG  <®  35.2%  5.  Rating  C3 

Acceleration  Data 


Figure  14  (3.2.1. 1) 
Longitudinal  Static  Stability 
Feel/Trim  System  S3 
Cruise/Combat  Configuration 
References  Nil  &  N14,  F/RF-4B  &  F-4J 
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Symbols  Test  Attitude 
®  O  25.000  ft 

m  □  to, ooo  ft 

I  A  5,000  ft 

I—  Accelerations 
- —  Decelerations 


Longitudinal  Control 
Force  Gradient 
lb  per  Hundred  kt 


Stabiiator  Position 
Gradient 

deg  per  Hundred  kt 


28  30  32  34  36  38 


CG  Position  (%5) 


Figure  15  (3.2.1.1) 
Longitudinal  Static  Stability 
Feel/Trim  System  S3 

Cruise  Configuration  (Subsonic  Flight  Conditions) 
Reference  N12,  F-4K 
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Maximum  Power  Acceleration 


Figure  16(3.2.1.1) 
Longitudinal  Static  Stability 
Febl/Trim  System  S3 
Combat  Configuration 
Reference  A4,  F-4C 
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G^SWWft*®1******^^  'Sts 


171  KCAS  trim,  7800  ft.  44,000  lb,  CG  @  30.7%  c,  (Rating  CH4J 
132-150  KCAS  trim,  3000  ft,  CG  @  29.0%  c,  (Rating  C4.5) 


-30  -20  -10  0  10  20  30 

Airspeed  Deviation  From  Trim  (kt) 


Airspeed  Deviation  From  Trim  (kt) 


Figure  17  (3.2.1.1) 

Longitudinal  Stability  With  Respect  to  Speed 
Longitudinal  Static  Stability 
Feel/Trim  System  S-4 
PA  Configuration 
References  Nil  &A7 
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O.GM  trim,  15,100  ft,  42,600  lb,  CG  @  28.6%  E  (Rating  CH3I 
40,000  ft,  CG  @  33%  S  (Rating  C4.6) 

5,000  ft,  CG  0  34%  tT  (Rating  CO) 


4  6  8  1.0  1.2  1.4  1.6 


Mach  Number  (M) 


Figuro  18  (3.2. 1.1) 

Longitudinal  Stability  With  Respect  to  Speed 
Longitudinal  Static  Stability 
$4  Fwl/Trirrt  Syttent 
CB/P/SO  Ccmflgu  rattans 
References  Nit  &A? 


-  \\p. 


Flight  tost  pilot  opinion: 

O  Level  1 
Q  Level  2 

Notes:  DUnflaggod  symbols- data  tabulated  in  Table  I  (3.2.1. 1) 
2)  Flagged  symbols  •  data  not  published  (n  report 
•».«».«»  Recommended  boundary  between  spec,  level  1,2 
and  spec,  level  3, 

Present  specification  boundaries 
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Figure  13  {3.2.1.T} 
Correlation  of  Pilot  Rating  Data 
With 

Transonic  Static  instability  Parameters 
CR/P/CO  Configurations 
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3. 2. 1.1. 2  Elevator  Control  Force  Variations  During  Rapid 
Speed  Changes 

A.  REQUIREMENT 

3.2. 1.1. 2  Elevator  Control  Force  Variations  during  Rapid  Speed 
Changes  -  When  the  airplane  is  accelerated  and  decelerated  rapidly 
through  the  operational  speed  range  and  through  the  transonic  speed 
range  by  the  most  critical  combination  of  changes  in  power,  actuation 

of  deceleration  devices,  steep  turns  and  pullups,  the  magnitude  and  rate 
of  the  associated  trim  change  shall  not  be  so  great  as  to  cause 
difficulty  in  maintaining  the  desired  load  factor  by  normal  pilot 
techniques . 

B.  APPLICABLE  PARAMETERS 

Longitudinal  control  force  variation  during  the  most  critical 
combination  of  changes  in  power,  normal  load  factor,  and  actuation  of 
deceleration  devices,  resulting  in  rapid  speed  changes. 

C.  F-4  CHARACTERISTICS 

With  the  exception  of  maximum  power  accelerations  and  idle  power 
decelerations,  which  alone  do  not  meet  the  intent  of  the  require¬ 
ment,  this  parameter  has  not  been  evaluated  quantitatively  with  the  F-4. 

Force  changes  during  a  straight  and  level  flight  rapid  speed 
change  (maximum  power  acceleration  /idle  deceleration)  in  the  transonic 
region  are  shown  in  Figures  13  and  16  (3.2. 1.1).  This  is  not  the  most 
critical  possible  condition  as  required  by  the  specification. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

The  only  applicable  comment  in  the  F-4  literature  comes  from 
Reference  A7  and  is  quoted  below: 

°  ”...  during  high  g  decelerating  turns  the  transonic  trim  change 

resulted  in  objectionable  pitch  transients  (which)  ...  made  AOA  control 
extremely  difficult  and  could  easily  result  In  g  -  overshoots  beyond  the 
aircraft  structural  limits  (CH6)".  Reference  AT,  F-4E.  No  quantitative 
data  are  supplied. 

E.  DISCUSSION 

The  foregoing  comment  substantiates  the  need  for  this  requirement, 
which  is  considered  adequate  as  written. 

F.  RECOMMENDATION 

None 
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3. 2a. 2  PhuKoid  Stability 

A.  REQUIREMENT 

3. 2a. 2  Phugoid  Stability  -  The  long-period  airspeed  oscillations 
which  occur  when  the  airplane  seeks  a  stabilized  airspeed  following  a 
disturbance  shall  meet  the  following  requirements: 

a.  Level  1 - q  at  least  0 . OU 

b.  Level  2 - at  least  0 

c.  Level  3  - - —  T^  at  least  55  seconds. 

These  requirements  apply  with  the  elevator  control  free  and  also  with 
it  fixed.  They  need  not  be  met  transonically  in  cases  where  3. 2.1. 1.1 
permits  relaxation  of  the  static  stability  requirement, 

B.  APPLICABLE  PARAMETERS 

Damping  ratio  of  long  period  oscillations  in  airspeed  time 
histories  and  time  to  double  amplitude  in  divergent  oscillations. 

All  Feel/Trim  Systems 

C.  F-k  CHARACTERISTICS 

Figure  1  (3. 2. 1.2)  from  Reference  B7  presents  the  estimated  stick  fixed 
phugoid  mode  period  at  all  flight  conditions  for  a  forward  c.g.  position. 

The  minimum  period  is  about  70  seconds.  The  above  reference  attributes 
the  lack  of  flight  test  data  to  the  long  period,  and  no  mention  is  made 
of  damping  ratio,  or  whether  the  oscillation  is  stable  or  unstable. 

Feel/Trim  System  SI 

C.  F-h  CHARACTERISTICS 

No  quantitative  test  data  are  available  for  aircraft  equipped 
with  this  system. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

o  "The  phugoid  oscillation  of  the  airplane  in  configuration  PA 

and  CR  has  a  long  period,  is  slightly  damped  and  is  satisfactory.  The 
airplane  exhibits  excellent  controllability  and  there  are  no  objection¬ 
able  flight  characteristics  attributed  to  phugoid  damping."  (El), 

Reference  Nl,  F4H-1. 

Feel/Trim  System  S2 

C.  F-U  CHARACTERISTICS 

No  test  data  are  available  for  phugoid  characteristics  of  the 
aircraft  with  this  feel-trim  system,. 
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D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None  available. 

Feel/Trim  System  S3 
PA  CONFIGURATION 

C.  F-ll  CHARACTERISTICS 

Figure  2  (3.2. 1.2)  presents  time  histories  of  altitude,  air¬ 
speed,  angle  of  attack  and  angle  of  pitch  for  a  long  period  longitudinal 
oscillation  of  the  YF-AM  aircraft. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

o  "...  objectionable  (C^)  ...  Divergent  long  period  oscilla^ 

tion  characteristics  degrade  the  landing  approach  characteristics  of 
the  airplane."  Reference  N13,  F-4M,  Figure  2  (3. 2. 1.2) 

CRUISE/COMBAT  CONFIGURATION 
C.  F-U  CHARACTERISTICS 


Figures  3  (3.2. 1.2)  through  6  (3. 2. 1.2)  present  time  histories 
of  airspeed  and  altitude  for  the  F— ^M  and  F—  aircraft  with  various 
c. g.  and  loading  conditions.  Table  I  (3.2.1. 2)  summarizes  damping, 
frequency  and  pilot  opinion  rating  data  for  these  time  histories. 

D.  SUMMARY  OF  P£LOT  RATINGS  AND  COMMENTS 


o  "...  (phugoid)  mode  was  divergent  in  all  configurations  and 

loadings  tested.  However,  with  forward  c. g. "positions  the  rate  of 
divergence  was  relatively  slow  and  not  objectionable  estimated  from 
airspeed  history  712,  from  altitude  history  7135]  (C3)  With  aft  c.g. 
positions  the  phugoid  diverged  more  rapidly  U  estimated  from  airspeed 
history  .175 j  from  altitude  history  T13]  and  was  objectionable.  (C5.5) 
...Rapid  divergence  of  the  phugoid  at  aft  c.g.  positions  becomes  part¬ 
icularly  apparent  during  cruising  flight  under  instrument  conditions 
where  ar.  inordinate  amount  of  pilot  attention  is  required  to  control 
altitude."  This  report  goes  on  to  relate  phugoid  characteristics  to 
mission  effectiveness;  "During  normal  operations,  the  c.g.  is  well  aft 
during  the  early  portion  of  the  flight  and  thus  results  in  an  object¬ 
ionable  phugoid.  External  wing  stores  further  degrade  the  phugoid 
characteristics  because  of  their  adverse  effect  on  longitudinal  stability." 
Reference  Nl8,  F-4j,  Figure  3  (3. 2. 1.2). 
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O  "...oscillations  at  20,000  ft.  were  slightly  divergent  at^ 

eg.  positions  from  29.5  to  33.0»  MAC,  but  were  not  objectionable." 

(03)  Reference  N13,  F-UM,  no  quantitative  data  supplied. 

O  "Airplane  long  period  (pbugoid)  dynamic  longitudinal  stability 

tests  were  conducted  ...The  phugoid  oscillation  was  excited  by 
releasing  the  control  stick  in  a  level  flight  attitude  with  airspeed 
20  to  25  HAS  above  the  trim  airpseed.  The  phugoid  oscillations  were 
allowed  to  continue,  stick-free,  until  the  aircraft  motions  warranted 
resuming  manual  control,  since  in  all  cases  the  phugoid  motion  was 
divergent.  Time  histories  of  phugoid  motions  with  forward  and  aft 
c.g.  positions  are  presented  in  [Figures  1>  (3.2.1.2),  5  (3.2.1.2), 

6  (3  2  1  2)]T,« 

"Variation  of  airplane  c.g.  position  had  little  effect  on 
the  period  of  the  phugoid  which  was  approximately  90  seconds  for  all 
configurations  tested.  It  did,  however,  have  a  pronounced  effect  on 
the  rate  of  divergence  of  the  oscillation.  A  mildly  divergent  oscilla¬ 
tion,  [5  estimated  from  airspeed  history  1047,  from  altitude  history 
-02u  Figure  It  (3. 2. 1.2)3  which  was  not  particularly  objectionable 
(C3)’was  obtained  at  a  forward  eg.  position,  whereas  at  an  aft  c.g. 
position  a  rapidly  diverging  oscillation  U  estimated  from  airspeed 

history  716,  from  altitude  history  7083,  Figure  5  (3.2.1.2);  end 
from  altitude  history  7111,  Figure  6  (3.2.1.2)] .  (05.5)  occurred 

which  the  pilot  Stopped  after  1  1/2  to  2  cycles. 

"During  normal  operations  with  commonly  used  external  store 

loadings,  the  c.g.  position  of  the  airplane  is  well  aft  at  takeoff. 
Thus,  a  portion  of  the  flight  will  be  flown  under  conditions  where 
the  phugoid  motion  is  rapidly  divergent  and  objectionable.  The  rapid 
divergence  of  the  phugoid  motion  with  an  aft  c.g.  position  becomes 
particularly  apparent  during  cruising  under  instrument  condi¬ 

tions,  where  an  inordinate  amount  of  attention  must  be  paid  to  altitud 

control.."  Reference  Nl4,  F-4J. 

E.  DISCUSSION 

All  Configurations  -  Eeel/Trim  System  S3. 

According  to  the  specification  requirement,  the  phugoid 
characteristics  are  level  3  for  all  the  cases  analysed  and  presented. 
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Because  the  corresponding  pil-ot  comments  represent  Level  1  or 
Level  2  flying  qualities,  this  at  first  sight  indicates  that  the 
requirements  on  phugoid  stability  are  considerably  too  stringent. 

However,  the  requirements  are  based  chiefly  on  a  well-defined  stick 
fixed  closed  loop  landing  approach  evaluation  in  Reference  B8  (see 
also  Reference  B2,  Figures  1-1^  (3,2, 1,2)),  and  the  F-^  flight  data 
are  all  stick  free  evaluations.  For  the  F-4,  the  stick  free  char¬ 
acteristics  are  determined  by  the  feel /trim  system,  which  modifies  the 
stick  fixed  characteristics  because  of  the  presence  of  stick  forces, 
and  hence  stabilator  movements,  due  to  the  bellows  end  bobweights. 

Reference  HI  8  (see  above)  indicates  that  the  phugoid  mode  is  a  problem 
with  the  stick  fixed,  but  no  data  are  supplied  and  therefore  no  stick 
free/fixed  correlation  is  possible.  The  available  data  therefore 
show  that,  for  a  stick-free  only  evaluation  of  phugoid  stability,  a 
divergent  oscillation  ( T>  <  0.0)  can  represent  Level  1  or  Level  2  fly¬ 
ing  qualities. 

The  reasons  for  the  disparity  in  Cooper  ratings  assigned  to 

the  various  time  histories  are  not  apparent.  Attempts  to  show 

relations  between  pilot  opinion  rating,  damping  ratio,  period,  and  time 

to  double  amplitude  are  shown  in  Figure  7  (3. 2, 1.2).  Damping  ratio  does 

show  some  slight  correlation  with  pilot  opinion,  but  not  even  a  remote 

relationship  seems  to  exist  between  the  others.  A  fairing  through  the 

damping  ratio  data  would  place  the  Level  1  lower  limit  at  c  ~  -0.1,  with 

Level  2  at  z  a?  -’0.13-  Alternatively,  a  Level  1  boundary  at  r  S  -0.05 
P  P 

would  exclude  all  Level  2  rated  points  from  Level  1.  A  Level  2  boundary 

at  ?  35?  —0 . 17  would  include  all  the  Level  1  and  2  data.  In  view  of  the 
P 

very  limited  amount  .of  data  it  is  considered  that  any  recommendation  should 
be  tempered  with  some  degree  of  engineering  judgement. 

It  can  be  concluded,  however,  that  the  "wide  disagreement 
between  the  F-L  characteristics  and  the  Specification  Requirements  and 
Levels  is  sufficient  to  warrant  lowering  the  Level  2  boundary  to  at 
least  -0.1. 

F.  RECOMMENDATIONS 

Change  3.2.1.2b  to: 

■* 

Level  2 - £  at  least  -0.1 

P 
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Table  I  (3.2.1.2) 
Phugoid  Characteristics 
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Speed 
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N13 
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GK 

PA 

32.5 
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61 

C4.5 

N13 

‘•3 


Figure  1  {3.2. 1.2) 
Phugoid  Stability 
F«;/T rim  Systems  SI  and  S2 


Altitude 
{x  10‘3  ft) 


Configuration  PA 

Trim  Speed  -  140  KCAS .  Gross  Weight  -  36,900  lb 
CG  Position  —  32.5%cf 
(2)  AIM-7  Missiles 
Rating  C4.5 


200 

180 

Calibrated  160 
Airspeed 
(kt)  140 

120 

100 

40 


Production  30 
Angle 

of  Attack  20 


>  CR  Configuration,  clean  aircraft,  CG  @  34%c,  (Rating  C3) 

•  CR  Configuration,  2  Sparrow  missiles,  2  Sidewinder  missiles 
1  600  gal.  (£  tank;  CG  @  35.1%c,  (Rating  C6) 


Calibrated 
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/  V 


\J 
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(x  10*3  ft) 


KWiilUH 

lisiivii 


40  80  120  160  200  240  280  3J 

Time  (tec) 

Figure  3 13*2.1*2) 

Phugoid  Stability 

Time  History  of  Two  Divergent  Long  Period  Oscillations 
Fetl/Tritn  System  S3,  Stick  Free 
Reference  N18,  F4J 


CR  Configuration  -  Clean  Aircraft 
CG  @  36.3%  c 
Rating  C6 


0  20  40  60  80  100  120  140  16( 

Time  (sec) 

Figure  5  (3.2.1. 2) 

Phugoid  Stability 
Feel/Trim  System  S3,  Stick  Free 
Reference  N14,  F-4J 
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0  ?p  estimated  from  airspeed  time  history 
□  £p  estimated  from  altitude  time  history 
A  T2  based  on  average  fp  and  P. 

Numbers  adjacent  to  points  are  Cooper-Harper  ratings 
Levels  are  specification  requirements 
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Figure  7  (3.2.1.2) 
Phugoid  Stability 
Feel/Trim  System  S3,  Stick  Free 
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3.2.1. 3  Flight  Path  Stability 
A.  REQUIREMENT 

3.2. 1.3  Flight-Path  Stability  -  Flight-path  stability  is 
defined  in  terms  of  flight -path-angle  change  where  the  airspeed  is 
changed  by  the  use  of  the  elevator  control  only  (throttle  setting  not 
changed  by  the  crew).  For  the  landing  approach  Flight  Phase,  the 
flight-path- ?mgle  versus  true-airspeed  curve  shall  have  a  local  slope 

at  Vn  .  vhi..-.h  is  negative  or  less  positive  than: 
nun 

a.  Level  1 - 0.06  degrees /knot 

b.  Level  2 - 0,15  degrees  /knot 

c.  Level  3 - 0.24  degrees/knot. 

The  thrust  setting  shall  be  that  required  for  the  normal  approach, 
glide  path  at  V0  .  .  The  slope  of  the  flight-path  angle  versus  air¬ 
speed  curve  at  S^nots  slower  than  ^om±n  shall  not  be  more  than  0.05 
degrees  per  knot  more  positive  than  the  slope  at  V0min,  as  illustrated 

by: 
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B.  APPLICABLE  PARAMETERS 

1.  Flight-path-angle  versus  airspeed  slope 

C.  F-h  CHARACTERISTICS 

Quantitative  flight  path  stability  data  are  not  available  from 
flight  tests  of  any  of  the  F-U  models.  Analytical  evalusvtions  have 
been  conducted  using  aerodynamic  derivatives  on  the  F-UB/M  and 
F-Uj/K  Models,  These  data  are  presented  in  Figure  1  (3- 2. 1.3)  for 
the  F-1»J/K  and  the  F-hB/M  in  configuration  PA.  Looking  at  the 
F-lhT/K  in  configuration  PA  with  a  V0|T|-n  of  132  KCAS: 

1.  The  local  slope  of  ^  at  VQ  -  is  +0.07  degrees /knot 

au  min 

which  is  Level  2,  according  to  the  requirement. 

2.  The  local  slope  at  5  knots  slower  than  VQm^n  is  +0.10 
which  meets  the  requirement  of 

(&)<%u_5>  "(*0  Sun5  °'°5 

The  PA  configuration  F-hB/M  has  a  V0m^n  of  138  KCAS  which  gives : 

1.  A  local  slope  at  Vn  .  of  -0.01  degrees/knot  which  meets 

umin 

the  Level  1  requirement. 

2.  A  local  slope  at  5  knots  slower  than  VQmin  of  +0.01, 
which  meets  the  specification  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Pilot  comments  and  ratings  on  flight  path  stability  are 
not  available  from  either  Air  Force,  Navy,  or  MCAIR  test  pilots. 
However,  pilot  comments  evaluating  Lhe  F-4K  in  the  landing  approach 
task,  as  taken  from  Reference  N12  can  be  considered  as  relating 
to  flight  path  stability.  Whereas  flight  path,  stability  is  charac¬ 
terized  by  flight  path  control  (altitude  and  attitude)  by  use  of 
stabilator  only,  the  F-^K  approaches  were  controlled  by  use  of  both 
stabilator  and  throttle.  The  overall  carrier  approach  handling 
characteristics  of  the  F-^K  (near  V0  .  )  were  considered  unsat is- 
factory  (see  3.6.2  and  3. 5-2.1)  and  given  a  rating  of  C6,  primarily 
because  of  the  inability  to  stabilize  on  approach  speed. 

In  addition.  Reference  N23,  provides  some  interesting  comments 
on  the  comparative  approach  characteristics  of  the  F-4J/K/M  air- 
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craft  which  illustrates  the  effect  of  engine  control/response 
characteristics  on  approach  handling  qualities  and,  in  a  general 
sense,  flight  path  stability. 

o  ».  "Since  approach  handling  characteristics  are  a  result  of  a 
combination  of  many  factors ,  the  flight  control  system  character¬ 
istics  and  the  static,  dynamic,  and  maneuvering  longitudinal  stab¬ 
ility  characteristics  were  initially  evaluated  in  an  attempt  to 
define  their  effects  on  approach  handling.  In  addition,  engine 
handling  characteristics  were  evaluated.  The  approach  handling 
characteristics  were  then  compared  to  those  of  the  F-J*K  and  F-Uj." 

"The  approach  handling  characteristics  of  the  F-4M  were  similar 
to  those  of  the  F-UK. .. .Satisfactory  carrier  type  approaches  can 
be  made  only  under  day  VFR  conditions,  and  are  considerably  more 
difficult  to  make  in  the  F-Um  than  in  the  F-4J.  Since  the  flight 
control  systems  and  basic  stability  characteristics  of  the  F-4M 
are  similar  to  the  F-kJ,  the  increased  pilot  work  load  in  the  approach 
must  be  attributed  to  the  different  engine  handling  characteristics 
of  the  Spey  engines  as  compared  to  the  J-79  engines.  In  the  F-4j 
and  F-^M,  the  longitudinal  flight  control  system  centering  and 
friction,  and  the  static  and  maneuvering  longitudinal  stability 
characteristics  are  all  similar  and  are  marginal  at  best.  In  the 
F-1*J,  the  J-79  engine,  with  its  excellent  response  time  and  the 
precision  with  which  a  thrust  level  can  be  set,  provides  the  pilot 
with  a  rapid  and  accurate  means  of  altitude  control  on  the  glide 
slope.  The  marginal  flying  qualities  of  the  F-4j  are  not  aggravated 
by  the  engine  handling  characteristics.  However,  in  the  F-^M 
(and  F-4K),  the  engine  response  is  sluggish  and  there  are  signifi¬ 
cant  non-linearities  between  throttle  movement  and  thrust  response. 
Consequently,  the  pilot  is  unable  to  rapidly  or  accurately  make 
timely  thrust  setting  changes  in  the  approach.  The  interaction 
between  the  poor  engine  handling  characteristics  and  the  marginal 
flying  qualities  of  the  F-4M  results  in  significantly  increased 
pilot  work  load  over  that  required  with  the  F-4J,  and  makes  preci¬ 
sion  approaches  difficult,  even  under  optimum  conditions."  (E6) 
Reference  N23,  F-^M. 
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E.  DISCUSSIOH 

The  flight  path  stability  of  the  F-kJ/K  aircraft.  Figure  1 
(3.2, 1.3),  in  the  PA  configuration  falls  into  Level  2.  This 
correlates  with  the  rating  of  overall  carrier  approach  handling 
characteristics  of  the  F-JflK  which  are  rated  Level  2  (C6)  and 
the  carrier  approach  handling  characteristics  of  the  F-tJ,  with 
identical  flight  path  stability  characteristics,  which  are  also 
rated  Level  2  but  with  a  rating  of  C*i-,5. 

In  contrast,  the  flight  path  stability  of  the  F-l+B/M  aircraft. 
Figure  1  (3. 2. 1.3),  in  the  PA  configuration  falls  into  Level  1, 

This  correlates  well  with  the  rating  of  approach  handling  character¬ 
istics  of  the  F-^B  which  have  always  been  rated  C2  or  C3  (Reference 
Nh),  However,  it  does  not  correlate  with  the  approach  characteris¬ 
tics  of  the  F-^M,  with  similar  flight  path  stability  characteristics, 
which  are  rated  C6,  Level  2. 

As  discussed  in  Reference  N23,  the  difference  In  approach 
handling  characteristics  between  the  F-^J  and  F-4K  and,  more 
important,  the  differences  between  the  F-^iB  and  F-^M,  can  be 
attributed  to  differences  in  engine  response/control  characteris¬ 
tics  between  the  J79  and.  Spey  engines.  These  examples  demonstrate 
that  interaction  between  aircraft  stability  characteristics  and 
engine  response /control  characteristics  can  have  a  significant 
effect  on  approach  handling  characteristics  and  apparent  flight 
path  stability. 

Unfortunately,  the  data  and  pilot  ratings  available  are  not 
sufficient  to  evaluate  the  numerical  requirements  for  flight 
path  stability.  However,  the  available  data  do  Indicate  that  Level  1 
flight  path  stability  does  not  necessarily  guarantee  Level  1  approach 
handling  characteristics. 

F.  RECOMMENDATION 

None. 
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Figure  1  (3.2. 1.3) 

Estimated  Flight  Path  Stability  -  PA  Configuration 
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3.2.2  Longitudinal  Maneuvering  Characteristics 

A.  REQUIREMENT 

3.2.2  Longitudinal  Maneuvering  Characteristics 

3. 2. 2.1  Short-Period  Response  -  The  short-period  response  of 
angle  of  attack  which  occurs  at  approximately  constant  speed,  and  which 
may  he  produced  hy  abrupt  elevator  control  inputs ,  shall  meet  the 
requirements  of  3. 2. 2. 1.1  and  3. 2. 2. 1.2.  These  requirements  apply, 
with  the  cockpit  control  free  and  with  it  fixed,  for  responses  of 

any  magnitude  that  might  he  experienced  in  service  use.  If  oscilla¬ 
tions  are  nonlinear  with  amplitude,  the  requirements  shall  apply 
to  each  cycle  of  the  oscillation.  In  addition  to  meeting  the  numerical 
requirements  of  3.2.2. 1.1  and  3. 2. 2. 1.2,  the  contractor  shall  show 
that  the  airplane  has  acceptable  response  characteristics  in  atmospheric 
disturbances. 

3. 2. 2. 1.1  Short-Period  Frequency  and  Acceleration  Sensitivity  - 

The  short-period  undamped  natural  frequency,  %  ,  shall  be  within 

sp 

the  limits  shown  in  Figures  1,  2,  and  3.  If  suitable  means  of  directly 
controlling  normal  force  are  provided,  the  lower  bounds  on  1%  and  n/a 
of  Figure  3  may  be  relaxed  if  approved  by  the  procuring  activity. 

B.  APPLICABLE  PARAMETERS 

Short  period  undamped  natural  frequency  and  ratio  of  steady 
state  normal  load  factor  to  angle  of  attack  following  a  step  longi¬ 
tudinal  control  input. 

C.  F-4  CHARACTERISTICS 


Discussion  of  Requirements 

Reference  B2  presents  two  broadly  similar  analyses  which, 
together  with  a  substantial  amount  of  test  data  from  various  sources, 
are  used  to  justify  writing  the  requirements  on  mnsp  as  a  function 
of  n/a. 

The  first  of  these  uses  the  constant-speed  ( two-degree-of- freedom) 
equations  of  motion  to  derive  the  close  approximation: 


n 


2 

n 

— §E 
n/a 


where  F  /n  is  the  stick  force  required  to  maintain  the  steady-state 
s 

normal  acceleration  following  an  elevator  input,  and  Mp  is  the  initial 
pitch  acceleration  per  pound  of  stick  force  input,  or  sensitivity. 
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A.  Requirement  -  Continued 


Figure  1 

Short-Period  Frequency  Requirements  -  Category  A  Flight  Phases 
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A.  Requirement  -  Continued 


Figure  2 

Short-Period  Frequency  Requirements  -  Category  B  Flight  Phases 
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Therefore,  given  values  of  0Jn 

sp 

a  control  system  designer  must. 


and  n/a  inherent  in  the  airframe, 
according  to  Reference  B2,  balance 


F 

—  and  Mw  to  achieve  the  best  compromise  between  steady  maneuvering 
n  K  s 

forces  and  initial  sensitivity.  In  practice,  the  designer  will 

choose  an  F  /n  using  3. 2. 2. 2.1  and  use  the  wn  vs.  n/a  criterion 
s  sp 

to  check  for  any  potential  sensitivity  problem. 

The  second  analysis  (originally  derived  in  Reference  B9)  uses 
a  rather  different  approach  to  obtain 


t=0  _ 


n 


2 

n 

.  .JJBL 
n/a 


ss 


The  left-hand  side  of  this  relation,  the  Control  Anticipation  Para¬ 
meter,  or  CAP,  is  the  ratio  of  initial  pitch  acceleration  to  steady- 
state  normal  acceleration  following  a  .step  input,  and  so  involves 
the  same  initial  response /final  response  interpretation  as  the  alter¬ 
native  expression  above. 

Application  to  F-4  aircraft 

For  the  purposes  of  this  study ,  a  validation  would  strictly 

relate  pilot  opinion  to  the  parameters  %Sp  a-11*3-  n/a.  Values  of  <J>nSp 

are  available  but  pilot  comments  are  confined  almost  exclusively  to 

u  ,  this  being  apparently  the  more  influential  parameter  in  short 

period  transient  response.  Similarly  n/a  values  are  available,  but 

pilot  ratings  are  directed  at  Fg/n  data  to  which  n/a  is  merely 

presented  as  an  adjunct.  However,  the  foregoing  theory  shows  that 

wn  and  n/a  are  measures  of  other  transient  response/steady  state 
Sp  ^ 

response  parameters  which  are  more  directly  meaningful  to  the  pilot. 

Using  the  first  expression,  an  wn  vs.  n/a  data  point  could  be 

sp 

tied  to  an  Fg/n  rating,  but  Mpg  has  not  been  rated  in  any  available 
F-U  tests  (’’sensitivity"  in  most  reports  refers  to  Fg/n).  In  the 

..  g 

second  expression,  neither  t— Inor  t —  have  been  rated;  also  v— 

e’ss  e  '  t=0+  e  t=0+ 
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has  not  been  obtained.  Even  assuming  that  existing  transient  response 
ratings  (i.e.  those  concerned  chiefly  with  Cgp)  could  be  related  to 

0  ! 

Mpg  or  ^ —  characteristics ,  there  still  remains  the  fact  that  in 

testing, transient  response  effects  are  carefully  separated  from 
steady  state  effects  (by  performing  stick  raps  in  order  to  obtain 
easily  distinguishable  perturbations  about  the  steady  flight  condition) 
and  vice  versa  (wind  up  turns,  if  executed  smoothly,  minimize  transient 
effects  due  to  control  inputs). 

In  summary,  no  F-4  ratings  concerned  with  initial-response-plus- 
steady-state-response  exist. 

In  spite  of  this ,  it  was  considered  possible  that  examination  of 

data  for  which  the  pilot  comments  indicate  clearly  a  certain  level 

of  flying  qualities  for  maneuvering,  might  be  worthwhile.  Comments 

concerned  specifically  with  such  parameters  as  F_/n  are  avoided, 

s 

Because  of  the  difficulty  involved  in  matching  ajn  and  n/a  points 

sp 

from  different  tests,  approximate  areas  of  the  ton  vs.  n/a  plane 

sp 

are  shown.  Figures  1  (3. 2. 2.1.1)  and  2  (3. 2. 2.1.1)  present  wn  vs.  n/a 

sp 

for  Category  A  and  B  Flight  Phases  respectively.  Table  I  (3. 2. 2.1.1) 

summarizes  the  data,  and  includes  F  /n  ranges  for  reference. 

s 

D.  SUMMARY  OF  PILOT  RATINGS  AMD  COMMENTS 

As  mentioned  above  the  comments  describing  general  maneuvering 
flying  qualities  are  included.  The  data  from  References  Nl8  and 
N21  are  included  because  these  reports  complained  about  maneuvering 
characteristics  in  sudden  pull-ups.,  indicating  a  possible  initial 
sensitivity  problem. 

o  "Without  external  stores... and  in  the  mid  c.g.  range,  the 

aircraft  displayed  positive  stability  and  good  handling  characteris¬ 
tics".  This  represents  Level  1  flying  qualities. 

"...handling  qualities  markedly  degraded  with  the  TAC  loading... 
aft  c.g.  limit  should  be... at  least  32-percent  MAC  to  provide  positive 
stability  and  acceptable  handling  qualities."  Level  2  with  c.g. 
positions  forward  of  32$  MAC,  Level  3  aft  of  32$  MAC.  Reference  A3, 
F-UC. 


WCA'-iflwn^O^tv^Vtri  i*«.iSr».*.8s*a$* 


o  "Comparison  of  the  longitudinal  maneuvering  control  force 

gradients  during  sudden  pull-ups  and  steady  pull-ups ... shows  the 
F-hJ  to  have  unsatisfactory  sudden  pull-up  characteristics..." 

(C4)  Reference  Nl3,  F-4-J. 

o  "At  forward  and  mid  c.g.  conditions,  this  sudden  pull-up 

characteristic  was  only  an  annoyance  to  the  pilot  during  sudden 
maneuvers,  but  at  the  aft  c.g.  conditions  it  created  a  definite 
problem  and  required  the  pilot  to  make  only  slow,  smooth  maneuvers 
to  prevent  over-shooting  the  desired  normal  acceleration.  The  air¬ 
planes  overall  sudden  pull-up  characteristics  result  in  the  definite 
possibility  of  overstresses  or  inadvertent  entry  into  an  accelerated 
stall  during  air  combat  maneuvering  or  during  pull-outs  from  conven¬ 
tional  weapons  delivery  runs."  Reference  N21,  F-^J 

The  sudden  pull-up  characteristics  are  assigned  an  overall 

Level  2  rating.  The  comments  appear  to  be  concerned  with  F  /n 

s 

rather  than  any  initial  sensitivity,  but  in  view  of  the  dynamic 
nature  of  the  maneuver  the  two  parameters  might  be  equally  important,  and, 
consequently,  the  data  are  included  here. 

E.  DISCUSSION 

Although  the  parameter  %gp/n/a  is  independent  of  Fg/n,  the  F-l| 

pilot  ratings  are  not.  Review  of  the  maneuvering  evaluations  in 

all  the  available  reports  shows  that  F  /n  has  the  most  influence  on 

s 

pilot  opinion  for  the  methods  of  testing  used  and  the  ratings  included 
here  are  certainly  subject  to  this  influence,  although  F  /n  may  not 
be  mentioned  as  such.  Therefore  the  fact  that  F-U  Levels  2  and  3 


data  appear  in  the  specification  Level  1  area  may  not  be  significant 

because  the  poor  ratings  may  be  due  to  F  /n.  More  encouraging  is  the 

s 

fact  that  the  F-H  with  Level  1  maneuvering  characteristics  exhibits 
an  wn  vs.  n/a  range  in  the  specification  Level  1  area.  Even  so, 
to  make  any  firm  conclusion  or  recommendation  would  be  to  stretch 
available  data  beyond  reasonable  limits. 

As  discussed  in  C.  above,  this  paragraph  in  practice  provides 
a  requirement  on  initial  control  sensitivity.  In  order  that  the  intent 
of  the  specification  shall  be  made  clear,  it  is  considered  that  this 
intent  should  be  stated  in  the  specification,  since  it  is  a  contrac¬ 
tual  document.  At  the  same  time  this  general  statement  could  be  made 
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to  cover  aircraft  with  automatic  flight  control  systems,  to  which  the 
requirements  do  not  necessarily  apply.  This  should  prevent  application 
of  the  numerical  requirements  to  such  aircraft. 

F.  RECOMMENDATIONS 

The  first  sentence  of  3 .2. 2. 1.1  should  he  amended  to  read. 

"The  initial  response  characteristics  of  the  aircraft  to 
pilot  control  inputs  shall  not  he  objectionable.  For  aircraft  without 
artificial  stability  augmentation  or  automatic  flight  control  systems 
the  short-period  undamped  natural  frequency,  ui  ,  shall  he  within 

I!  A  Sp 

the  limits  shown  in  Figures  1,  2  and  3. 
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Table  1 13.2.2.1.1) 

Short  Period  Frequency  and  Acceleration  Sensitivity 
F-4  Aircraft  Data 


. .  ;n  V'f%**»*SWrt«-  ;y-r-W.K«Mi»'(W  •*•■» 


Figure  1  (3.2.2. 1.1) 

Short-Period  Frequency  Requirements  -  Category  A  Flight  Phases 
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3. 2. 2. 1.2  Short-Period  Damping 

A.  REQUIREMENT 

3.2.2. 1.2  Short-Period  Damping  -  The  short-period  damping  ratio, 

r  ,  shall  he  within  the  limits  of  Table  IV. 

Ssp 

Table  IV 

Short-Period  Damping  Ratio  Limits  _ 


Level 

Category  A  and  C  Flight  Phases 

Category  B  Flight  Phases 

Minimum 

Maximum 

Minimum 

Maximum 

1 

0.35 

1.30 

0.30 

2.00 

2 

0.25 

2.00 

0.20 

2.00 

3 

0,15* 

— 

0.15* 

— 

*May  be  reduced  at  altitudes  above  20,000  feet  if  approved  by  the 
procuring  activity. 


B.  APPLICABLE  PARAMETERS 

Short  period  damping  ratio,  ^  ,  of  response  of  angle  of  attack 
to  abrupt  elevator  control  inputs . 

C.  P-L  CHARACTERISTICS 

Model  F-U  dynamic  longitudinal  stability  characteristics  were 
evaluated  for  various  airplane  loadings  and  configurations  by 
performing  longitudinal  stick  doublets  at  different  altitudes  and 
airspeeds  with  the  pitch  stability  augmentation  (PITCH  AUG)  ON  and  OFF. 

Damping  ratios  are  presented  as  a  function  of  Cooper-Harper 
pilot  opinion  rating  for  Category  A  and  C  Flight  Phases  in  Figure  1 
(3. 2. 2. 1.2)  and  for  Category  B  Flight  Phases  in  Figure  2  (3*2. 2. 1.2). 
Data  for  feel/trim  system  SI  are  limited  and  are  not  presented. 
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D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Feel/Trim  System  S2 

o  "Satisfactory  (E3)  dynamic  longitudinal  characteristics 

were  displayed  in  the  take-off  and  power  approach  configurations 
with  the  SAS  on  and  off.  Although  damping  ratios  did  not  meet  the 
specifications  of  MIL-F-8T85(ASG) . . .the  oscillatory  frequency  was 
low  enough  (0.22  cps)  to  enable  the  pilot  to  damp  the  oscillations 
with  control  inputs."  These  remarks  refer  to  a  5  range  of  0.2 
to  0.5. 

"In  the  high  altitude  region,  flying  characteristics  were  con¬ 
sidered  acceptable  for  cruise  and  nonprecision  maneuvering,  (minimum 
S  with  pitch  damper  =  0.2t  without  pitch  damper  =  O.l).  Light 
longitudinal  damping,  however,  made  it  difficult  to  perform  precision 
tasks  such  as  those  associated  with  tracking  a  maneuvering  target." 

This  report  cites  acceleration  sensitivity  and  stick/pilot  geometry 
as  contributing  to  unsatisfactory  dynamic  longitudinal  stability, 
including  PIO  tendencies,  in  the  low-level  high  speed  regime.  It 
also  implies  that  low  damping  is  a  contributory  factor,  in  that 
"Disengaging  the  stability  augmentation  in  this  region  resulted  in 
a  further  deterioration  of  the  pilot's  capability  to  control  the 
aircraft  in  the  longitudinal  mode."  (The  pitch  damper  changes  short 
period  frequency  very  little  so  the  primary  degradation  must  be  due 
to  damping).  A  conclusion  of  the  report  is  "Longitudinal  damping 
with  the  stability  augmentation  system  engaged  was  considered  light 
enough  to  compromise  the  usefulness  of  the  aircraft  as  a  weapons 
delivery  platform."  Reference  Al,  F-4C. 

The  remarks  on  the  RF-4C  were  very  similar  to  those  on  the  F-4C, 
except  that  damping  was  found  to  be  lower  (25$  lower  with  no  stores) 
and  so: 

o  "With  the  pitch  damper  disengaged  the  aircraft  must  be  con¬ 

trolled  with  extreme  caution  and  transonic  flight  should  be  accomplished 
only  under  emergency  conditions."  (E9).  The  data  points  obtained  in 
the  transonic  region  show  the  minimum  damping  to  be  around  0.1. 
Pilot/stick  geometry  and  control  sensitivity  are  also  mentioned  in 
connection  with  unsatisfactory  (E4)  transonic  flying  qualities  for 
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Category  A  Plight  Phases  with  the  damper  engaged.  The  lowest  £ 
is  around  0.2.  Reference  A2,  RF-4C. 

o  "With  STAB  AUG  OFF  and  at  c.g.  positions  aft  of  33.0#  MAC, 

the  dynamic  longitudinal  stability  of  the  F-4B  airplane ,  as  described 

by  damping  ratio  versus  frequency,  was  found  to  be  marginal  (C6) 

for  all  loadings  tested."  (This  refers  to  a?  range  from  5gp  =  «26 

to  c  <0.0  with  a  fairly  even  w*  Spread  from  about  .3  cps  to 
sp  sp 

about  .8  cps).  The  same  report  states  in  a  different  paragraph: 

"For  c.g.  positions  forward  of  36#  MAC,  the'  clean  airplane  had  posi¬ 
tive  damping  with  STAB  AUG  OH  and  OFF.. .and  is  satisfactory  (B3) 
for  service  use."  The  lowest  damping  to  which  this  refers  is  £gp  =  0.1. 
These  two  paragraphs  seem  rather  contradictory ,  but  they  do  indicate 
that  the  effects  of  damping  ratio  may  be  a  function  of  frequency. 
Reference  N7,  F-4B. 

o  Reference  Nil  is  an  evaluation  of  dynamic  longitudinal 

stability  in  the  context  of  pilot  induced  oscillations ,  and  presents 
a  time  history  of  a  stick  free  longitudinal  oscillation  for  an 
external  store  configuration  with  the  pitch  damper  disengaged.  X,  is 
0.014  and  a  rating  of  C6  is  quoted.  Reference  Nil,  F/RF-4B. 

Feel/Trim  System  S3 

o  "Damping  in  all  loadings  with  the  c.g.  position  aft  of  34.0# 

MAC  and  in  the  .TOM  to  .90M  range  was  neutral  or  very  weak  with  the 
STAB  AUG  OFF.  (C  =  0)  This  condition  is  conducive  to  a  PI0  and 
unacceptable  for  normal  or  emergency  operations  (C9)". 

"With  normal  loading  conditions  (c.g.  position  forward  of  34# 

MAC),  damping  characteristics  are  acceptable  for  emergency  conditions 
only  (C7.5)."  U  =0.2)  Reference  Nil,  F-4B. 

o  "With  PITCH  AUG  ON  the  airplane  exhibited  excellent  positive 

dynamic  longitudinal  stability  at  forward  c.g.  positions  (C2)." 

"As  the  c.g.  moved  aft,  the  damping  ratio  decreased  until  the 
short  period  oscillations  became  undamped  to  divergent  at  the  aft 
c.g.  conditions  tested.  (C7.5)" 

"With  PITCH  AUG  OFF. . .the  poorly  damped  oscillations  were  charac¬ 
terized  by  ease  of  overcontrol,  pilot  induced  oscillations,  and 
frequent  temporary  loss  of  control  during  maneuvering  flight.  Loss 
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of  PITCH  AUG  at  other  than  a  forward  c.g.  condition  results  in  unsatis¬ 
factory  flying  qualities  that  prevent  accomplishment  of  the  airplane 
mission.  However,  sufficient  control  is  available  to  allow  normal 
cruise  and  return  for  landing."  (-0.1  <  ?<  +  0.15)  For  Categories 
B  and  C  Plight  Phases,  a  rating  of  E8  is  assigned.  For  Category  A 
the  comment  implies  that  E10  is  appropriate.  Reference  H21,  F-kJ. 
o  "Subsonic  operation  of  the  F-4j  at  medium  and  high  altitudes 

(above  20,000  ft.)  is  degraded  by  insufficient  damping. . .with  PITCH 
AUG  OH. . .especially  at  aft  c.g.  positions  (C^.5)"*  (0.05  <  ?  <  0.3). 

"Damping ...  at  5000  ft.  with  PITCH  AUG  OH  was  satisfactory  and 
allowed  relatively  precise  control."  (E3)  (s>0.40) 

"...damping  with  PITCH  AUG  OFF  was ...  extremely  weak  throughout 
most  of  the  aircraft  flight  envelope.  In  the  low  altitude  high 
speed  flight  region,  flight  with  PITCH  AUG  OFF  could  lead  to  a  PI0 
with  possible  catastrophic  results  due  to  poor  damping  combined 
with  high  control  sensitivity  (C7-5)"  (0  <  ?  <  0.2)  Reference  NlQ,  F-hj. 
o  ’’Damping. . .with  FITCH  AUG  OFF... in  the  0.7M  to  0.9M  range... 

is  so  low  as  to  be  conducive  to  a  PI0  and  is  acceptable  for  emergency 
operation  only  (C7.5)."  (0  <  t,  <  0.15) 

"Damping. . .with  PITCH  AUG  engaged  was  satisfactory  under  all 
flight  conditions  tested  (C3)  ( C  <  0.3),  except  at  5000  ft.  below 
300  KCAS,  and  at  20,000  ft.  below  0.9M.  Under  these  conditions, 
damping  was  significantly  reduced.  (Ch.5)"  (  C<=  0.2)  Reference  Hit,  F-t J . 
Feel/Trim  System  St 

o  "In  general,  the  pitch  damping  for  SAS  on  or  off  was  degraded 

with  the  addition  of  external  stores.  The  lowest  damping  was  experienced 
with...TAC  training  loading,  due  to  the  aft  c.g.  positions  obtained 
with  this  loading.  (0  <  ?  <  0.25)  The  low  pitch  damping  was  objec¬ 

tionable,  and  degraded  the  capability  of  the  aircraft  to  perform  its 
assigned  mission  (CH5)."  Reference  A7 ,  F-tE. 

Comments  of  a  general  nature  are; 
o  "(For  a)  damping  ratio  of  0.05,  or  less,  the  stick-free 

longitudinal  oscillations  appeared  to  the  pilot  to  be  undamped." 

Reference  H7,  F-UA/B. 

A  comparison  of  test  data  with  another  evaluation  indicated: 

"The  differences  in  damping  ratios  averaged  less  than  .05 
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and  were  below  a  magnitude  discernible  to  the  pilot.  The  approximate 
range  of  damping  ratios  here  is  0  <  5  <  0.25.  Reference  Nil,  F/RF-UB. 


E.  DISCUSSION 

1.  The  f-1»  data  do  not  provide  a  validation  of  the  upper  limits 
on  damping  ratio.  Of  all  the  damping  ratio  data  reviewed  for  this 

validation  none  exceeded  a  Csp  of  0.8. 

2.  For  all  flight  phase  categories  the  lower  limit  of  the  F-4 
data,  for  a  given  level,  fell  below  the  lower  limits  established  by 
MIL-F-008785A  and  even  below  the  lower  limit  established  by  the  user 
guide  data.  The  Category  A  and  C  flight  phase  data  of  Figure  1 

(3. 2. 2. 1.2)  show  Level  1  pilot  rating  data  to  extend  as  low  as 
Level  2  extending  to  zero,  and  Level  3  falling  as  low  as  -  0.05. 

The  Category  B  data.  Figure  2  (3-2. 2. 1.2),  give  lower  limits  on  Level 
].  at?.  =  0.1,  and  Level  2  and  3  at  zero.  However,  in  general,  the 
unmodified  limits  of  Beference  B2,  Page  117,  fit  F-4  data  tetter 
than  the  Final  Specification  limits.  The  latter  limits,  imposed  to 


provide  for  the  effects  of  turbulence,  could  not  be  validated  - 
no  mention  was  made  of  turbulence  effects  or  problems  in  any  of  the 
F-U  data.  In  view  of  the  fact  that  Paragraph  3. 2.2.1  of  the  Speci¬ 


fication  requires  additional  verification  that  an  aircraft  shall  have, 
acceptable  response  characteristics  in  turbulence  over  and  above  meeting 


the  numerical  requirements  of  3. 2. 2. 1.2,  it  would  appear  that  one 
requirement  is  redundant,  unless  both  have  been  included  as  a  "double- 
check"  device.  However,  no  quantitative  support  for  the  modification 


of  the  ?  limits  to  account  for  flight  in  turbulence  is  offered  by 
Referenced,  nor  are  any  interaction  effects  due  to  frequency  or 


acceleration  influences  considered. 

3.  Perhaps  the  poor  correlation  with  the  specification  require¬ 
ments  can  be  attributed  to  the  fact  that  the  damping  ratio  limits 
have  been  established  for  aircraft  whose  short  period  frequency  , 
characteristics  are  acceptable,  which  is  not  necessarily  true  for 
the  F-U.  This,  however,  does  not  explain  very  satisfactorily  those 
data  points  for  which  the  damping  is  low  and  the  ratings  are  good, 
of  which  there  are  quite  a  number.  Some  comments  indicate  that 
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interaction  of  various  parameters  has  an  effect  on  pilot  opinion, 

and  the  extent  of  the  influence  of  ?  alone  on  the  quoted  rating  is 

sp 

sometimes  unclear.  In  any  event  the  wide  spread  of  the  data  within 
a  given  level  and  overlap  of  the  data  between  pilot  opinion  levels 
indicates  possible  unreliability  of  the  damping  criterion. 

k.  Reference  Nil  suggests  that  differences  up  to  0.05  in  c 

sp 

are  indiscernible  to  the  pilot;  yet,  0.05  is  the  total  width  of  the 
Level  3  band  in  Category  B.  With  this  in  mind,  the  level  2  and  3  band- 
widths  seem  to  be  impractically  narrow.  However,  wider  bands  would 
necessitate  a  relaxation  of  the  Level  3  lower  limit,  which  cannot  be 
justified. 

F.  RECOMMENDATION 

The  "catch-all”  requirement  for  short-period  response  in  turbu¬ 
lence  of  paragraph  3. 2. 2.1  plus  the  well-substantiated  limits  for  c 
on  Page  117  of  Reference  B2  are  together  considered  adequate  means  of 
ensuring  satisfactory  flying  qualities.  It  is  therefore  recommended 
that  Paragraph  3. 2. 2.1  be  retained,  and  that  Table  IV  of  the  specifica¬ 
tion  be  changed  as  below: 


Table  IV 

Short-Period  Damping  Ratio  Limits 


Level 

Category  A  and  C  Flight  Phases 

Category  B  Flight  Phases 

Minimum 

Maximum 

Minimum 

Maximum 

1 

0.35 

1.30 

0.18 

2.00 

2 

0.20 

2.00 

0.07 

2.00 

3 

0.05 

— 

0.03 

— 
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Cooper  - 

Harper 

Rating 


Notes:  1)  Open  symbols  —  stab.  aug  on 

2)  Shaded  symbols  -  stab,  aug  off 

3)  Flagged  symbols  —  PA/TO  configuration 

4)  Unfiagged  symbols  —  CO  configuration 

—  Specification  limits 
—  —  —  —  Reference  B2  data  limits 
O  Feel/trim  system  S3 

A  Feel/trim  system  S2 


Figure  1  {3.2.2. 1.2} 

Short  Period  Damping  Ratio 
Category  A  and  C  Flight  Phases 
Various  External  Store  Loadings 


1J2 


Cooper  * 

Harper 

Rating 


Notes:  1 )  Open  symbols  -  stab,  aug  on 
2)  Closed  symbols  —  stab,  aug  off 


’  1  Specification  limits 
—  “  —  Reference  B2  data  limits 
Feel/trim  system  S3 


Short  Period  Damping  Ratio  {£Sp) 


Figure  2  (3.2.2. 1.2) 

Short  Period  Damping  Ratio 
Category  B  Flight  Phases 
Various  External  Store  Loadings 


3. 2. 2. 1.3  Residual  Oscillations 


A.  REQUIREMENT 

3. 2. 2. 1.3  Residual  Oscillations  -  Any  sustained  residual 
ocsi nations  shall  not  interfere  with  the  pilot's  ability  to  perforin  the 
tasks  required  in  service  use  of  the  airplane.  For  Levels  1  and  2, 
oscillations  in  normal  acceleration  at  the  pilot's  station  greater 
than  +0.Q5g  will  be  considered  excessive  for  any  Flight  Phase,  as  will 
pitch"~attitude  oscillations  greater  than  +3  mils  for  Category  A  Flight 
Phases  requiring  precision  control  of  attitude.  These  requirements  shall 
apply  with  the  elevator  contro1  fixed  and  with  it  free. 

B.  APPLICABLE  PARAMETERS 

Amplitude  of  sustained  normal  acceleration  oscillations  for  any 
flight  phase,  and  pitch  attitude  oscillations  for  Category  A  Flight  Phases 
requiring  precision  control  of  attitude. 

C.  F-4  CHARACTERISTICS 

The  tendency  of  the  F-4  to  exhibit  residual  oscillations 
depends  on  the  type  of  feel/trim  system  installed.  The  oscillations, 
when  in  evidence,  are  due  mainly  to  the  feedback  of  normal  accelera¬ 
tion  and  pitch  acceleration  through  the  bobweights.  Feel/trim  system 
S4  was  an  attempt  to  decouple  the  aircraft/ flight  control  system 
natural  frequencies  in  order  to  eliminate  residual  stick  free  oscilla¬ 
tions  . 

Data  are  presented  for  both  stick  free  and  stick  fixed  evalua¬ 
tions  ,  but  difficulty  in  fixing  the  stick  was  experienced  by  pilots  due 
to  the  forcing  effect  of  the  feel/trim  system  on  the  stick. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
Feel /Trim  System  SI 

Reference  N5  is  an  evaluation  of  LAHS  qualities  of  the  F-4: 
o  "Because  of  a  neutrally  damped  stick  free  oscillation .terminated  after 
28  cycles,  at  .79M  (4j4  KCAS)  and  34.43#  MAC,  no  further  tests  were 

conducted  aft  of  34.5#  MAC  .  [Figure  1  (3. 2. 2. 1.3)]  presents  a 

time  history  of  the  first  half  of  a  neutrally  damped  stick  free  longi¬ 
tudinal  short  period  oscillation  encountered  at  .79M.  Detailed  investi¬ 
gation  into  the  cause  of  the  control  system  oscillation  indicated  a 
phase  angle  lag  of  94°  between  the  normal  acceleration  and  the  stabila- 
tor  position.  The  existence  of  this  phase  angle  lag,  in  conjunction 
with  the  bobweight  configuration  of  the  control  system,  resulted  in  a 
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reinforcement  effect  under  certain  conditions  of  c.g.  position  and  short 
period  frequency  of  the  airplane.  The  ...stick  free  longitudinal 
control  system  oscillation  is  a  deficiency,  the  correction  of  which  is 
mandatory  for  satisfactory  service  use."  [E8]  Reference  N5.  F-UA/B. 

The  sustained  normal  acceleration  oscillations  are  about  +0.7g;  the 
corresponding  pitch  attitude  excursions  are  not  available. 

Feel /Trim  System  S2 

o  "A  control  system  oscillation  resulting  from  feedback  of 

pitching  and  normal  acceleration  through  the  mechanical  linkage  of  the 

control  system  ...  allowed  undamped  residual  oscillations  to  persist 

in  stick  free  flight  with  STAB  AUG  OFF  once  excited  by  pilot  inputs, 

external  disturbances,  or  control  system  transients.  Aft  of  33%  MAC  the 

residual  oscillation  in  normal  acceleration  is  approximately  Hp 5g. .." 

This  report  also  measured  the  n  -to-stabilator  phase  angle;  "In  stick- 

z 

free,  STAB  AUG  OFF  flight,  the  longitudinal  control  stick  and  stabilator 
position  oscillations  lead  the  airplane  short  period  oscillations  by 
110  deg.  to  120  deg...  In  STAB  AUG  ON  flight  the  lead  phase  relationship 
is  increased  by  10  deg.  to  15  deg.  Fixing  the  control  stick  STAB  AUG 
OFF  decreased  lead  phase  relationship  by  10  deg.  to  15  deg."  A  con¬ 
clusion  of  this  report  is  "The  stick- free  control  system  oscillation 
problem,  although  improved,  [by  incorporation  of  feel/trira  System  S2] 
is  still  present  and  contributes  to  the  poor  airplane  longitudinal 
dynamic  characteristics."  [E4J.  Reference  NT,  F-4A/B.  Table  I  (3. 2. 2. 1.3) 
is  taken  from  this  report. 

Feel/Trim  System  S3 

In  comparing  feel/trim  system  modifications,  Reference  A4 
implied  that  residual  oscillations  with  system  S3  are  "bad"  and  that 
when  residual  oscillations  were  eliminated  "handling  qualities  were 
greatly  improved."  See  Figure  2  (3. 2. 2. 1.3);  stick  free  normal  load 
factor  excursions  are  approximately  +0 . 5g.  No  pitch  angle  time  history 
is  available.  (e6)  Reference  A4,  F-4c. 

o  "The  dynamics  of  the  longitudinal  flight  control  system 

resulted  in  stabilator  inputs  iot  commanded  by  the  pilot  to  the  pitch 
damper  following  a  longitudinal  hands-off  stick  pulse."  This  evaluation 
concluded  that  the  stabilator  movements  "...could  be  a  contributing 
factor  to  the  PI0  tendencies  of  the  aircraft. . ,  longitudinal  control 
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system  oscillations  should  be  eliminated#  Reference  Ap,  F— 4C. 
o  "During  supersonic  flight  at  low  altitude  (1.15M  at  5,000  ft«)  a 
low  amplitude  sustained  oscillation  was  experienced  while  the  pilot 
was  attempting  to  maintain  steady  level  flight  with  the  stick  held 
fixed  (C4).  This  oscillation,  although  of  low  amplitude,  was  discon¬ 
certing  and  objectionable..."  Reference  Nl8,  F-4j.  Unfortunately  no 
quantitative  data  are  supplied. 

Feel/Trim  System  S4 

o  "Longitudinal  oscillations  were  excited  by  abrupt  fore  and  aft 
stick,  inputs  after  which  an  attempt  was  made  to  rigidly  fix  the  stick 
while  the  oscillations  damped.  Difficulty  was  encountered  in  fixing 
the  controls  rigidly  due  to  the  relatively  poor  stick-centering  char¬ 
acteristics  and  inputs  from  the  bobweights  as  a  result  of  the  changing 
normal  load  factor.  The  continued  movement  of  the  stabilator  after  the 
stick  was  "fixed"  is  evident  in  [Figure  3  (3. 2. 2. 1.3) 3  stabilator 
oscillations. . .objectionable  for  some  flight  conditions ...  control 
system  dynamics  should  be  improved."  (E5) ,  Reference  AT,  F-4E. 

This  comment  appears  to  be  directed  more  at  the  transient 
stabilator  movements  following  the  pilot  input  (Paragraph  3. 5.3.2 
of  the  specification)  rather  than  steady  state  limit  cycling  of  the 
control  system,  which  is  difficult  to  distinguish  in  the  available  time 
history.  The  normal  load  factor  excursions  in  what  appears  to  be  the 
steady  state  are  roughly  +0.2g,  and  the  pitch  attitude  changes  are 
of  the  order  of  the  +_3  mils  of  the  Specification. 

3.  DISCUSSION 

1.  Pitch  Attitude  Oscillations 

The  scarcity  of  applicable  data  precludes  making  recommenda¬ 
tions  concerning  the  pitch  attitude  requirements. 

2.  Stick  Free  Normal  Acceleration  Oscillations 

F-4  experience  shows  definitely  that  the  requirements  on  normal 
load  factor  excursions  are  considerably  too  stringent;  in  fact, 
excursions  of  only  +.05g  would  not  be  discernible  on  F-4  flight  records. 
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For  Btick  free  oscillations,  +lg  is  considered  to  represent  Level  2 
flying  qualities  by  Reference  N7»  although  +0.7g  is  rated  Level  3  by 
Reference  N5.  Therefore,  a  Level  2  maximum  of  +  . 5g  might  represent  a 
conservative  stick  free  requirement. 

3.  Stick  Fixed  Normal  Acceleration  Oscillations 

Table  I  (3. 2. 2. 1.3)  includes  both  stick  fixed  and  free  data. 
The  Level  2  comment  in  Reference  N7  is  concerned  specifically  with 
stick  free  characteristics,  no  rating  being  attached  to  the  stick 
fixed  oscillations.  The  stick  fixed  normal  acceleration  excursions 
of  +.5^g  (Case  3,  Table  I  (3. 2, 2. 1.3))  intuitively  seem  high, 
particularly  for  a  LAHS  environment.  However,  they  are  not  pointed 
out  as  particularly  objectionable,  as  would  be  the  case  if  they  were 
representative  of  Level  3  or  worse  flying  qualities.  For  this 
reason  it  seems  fair  to  assume  that  stick  fixed  excursions  around 
+.  5g  might  be  rated  Level  2. 

F.  RECOMMENDATION 

It  is  recommended  that  the  present  maximum  normal  accelera¬ 
tion  oscillation  requirements  for  Level  2  flying  qualities  be 
increased  by  a  factor  of  10  to  +. 5g. 
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Table  I  (3.2.2.1.3) 

Longitudinal  Control  System  Oscillation  Data 
Reference  FJ7,  F-4A/B 


Case 

Airplane 

Loading 

Altitude/ 

Airspeed 

mm) 

n 

Longitudinal  Control 

System  Parameters* 

Stab 

Aug 

Stick 

Movement 

(in.) 

Stabilator 

Movement 

(deg) 

Phase  Angle 
Between 
Stick  or 
Stabilator 
and  n 
(deg) 

1 

Basic 

5.000/.75 

+1.20 

Off 

+.6 

+1.3 

+114 

2 

Airplane 

5,000/1.10 

+1.35 

Off 

+.2 

+  .4 

+124 

3 

500/1.12 

+  .54 

Off 

*# 

+  .5 

+117 

4 

Two 

5.0D0/.75 

+1.30 

Off 

+.5 

+1.1 

+112 

5 

External 

5.000/.75 

+  .23 

On 

** 

+123 

G 

Wing 

5, 000/. 75 

+  .98 

Off " 

±■3 

+  .8 

+113 

7 

Tanks 

500/.B5 

+  .27 

Off 

## 

## 

+  98 

♦Data  for  cases  1,  2,  4  and  5  were  taken  during  the  second  normal  acceleration  cycle 
after  the  stick  was  released.  Case  6  data  were  taken  during  the  undamped  residual 
oscillation.  Cases  3  and  7  were  taken  during  stick-fixed  level  runs. 

** Indicates  negligible  movement. 
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Residual  Oscillation 
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3. 2. 2.2  Control  Feel  and  Stability  in  Maneuvering  Flight 

A.  REQUIREMENT 

3. 2. 2. 2  Control  Feel  and  Stability  in  Maneuvering  Flight  -  In 
steady  turning  flight  and  in  pullups  at  constant  speed,  increasing 
pull  forces  and  aft  motion  of  the  elevator  control  and  airplane- 
nose-up  deflection  of  the  elevator  surface  are  required  to  maintain 
increases  in  normal  acceleration  throughout  the  range  of  service 
load  factors  defined  in  3. 1.8, 4.  Increases  in  push  force,  forward 
control  motion,  and  airplane-nose-down  deflection  of  the  elevator 
surface  are  required  to  maintain  reductions  of  normal  acceleration  in 
pushovers. 

B.  A’ PLI  CABLE  PARAMETERS 

Longitudinal  stick  forces  and  positions  required  to  develop 
normal  acceleration  in  steady  turns  and  constant  speed  pullups. 

C.  F-U  CHARACTERISTICS 

Maneuvering  stick  forces  for  the  F-4  are  generated  artifically 
by  the  feel/trim  system.  The  bobweights  (nominally  5  lb/g  for  systems 
SI,  S2,  S3  and  3  lb/g  for  system  S4)  are  present  solely  for  this  purpose 
however  other  feel  system  components  have  an  effect  on  stick  forces  due 
not  to  normal  acceleration,  but  to  displacement  of  the  stick  from  the 
trimmed  position.  Displacement  of  the  downsprings  (SI  and  S2  only)  and 
the  bellows  springs  has  some  effect,  but  the  major  forces  originate 
from  the  bellows  which  behaves  similarly  to  a  spring,  the  stiffness 
depending  on  the  pressure  acting  on  the  diaphragm.  The  force  at  the 
stick  due  to  the  bellows  depends  both  on  the  trim  condition  and 
whether  the  viscous  damper  (SI,  S2  and  S3)  or  linkage  (S4)  is  on  or  off 
the  stop,  or  in  transition  during  the  evaluation  maneuver. 

Control  stability  depends  chiefly  on  the  airframe  aerodynamic 
characteristics.  The  F-^  with  operational  c.g.  positions  exhibits 
positive  stability  (i.e.  increasing  pull  forces,  aft  motion  of  the 
control  stick  and  airplane-nose-up  deflection  of  the  stabilator  for 
increases  in- normal  acceleration)  with  fairly  linear  gradients  at  low 
angles  of  attack j  as  angle  of  attack  increases,  stability  tends  to 
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decrease.  This  tendency,  common  to  swept-wing  aircraft,  is  aggravated  by 
the  addition  of  external  stores  which  can  have  a  significant  adverse  effect 
on  longitudinal  stability  characteristics.  Figures  1  (3. 2. 2. 2)  and 
2(3. 2. 2. 2)  present  fairly  typical  pitchup  data. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

A  number  of  comments  are  concerned  with  stick  force  lightening 
and  pitchup.  Because  the  F-4  characteristics  are  inherent  in  the  basic 
airframe  design,  as  mentioned  above,  some  of  the  remarks  are 
repetitive.  Therefore,  the  following  consists  of  some  examples  of 
representative  pilot  opinions. 

Feel/Trim  System  SI 

o  "Normal  acceleration  will  increase  lg  [at  buffet  onset]  without 

increase  in  stabilator  Reflection. . .limits  tactical  maneuvering 
effectiveness. . .Correction  of  this  deficiency  is  desirable  for  improved 
service  use..."  Reference  N2,  F-l+A/B. 

Feel/Trim  System  52 

o  "...a  definite  noseup  pitching  tendency  during  maneuvering 

at  high  load  factors  in  all  configurations  with  all  external  loads... 
compromised  flight  safety  and  degraded  the  capability  of  the  aircraft 
to  perform  as  an  all-purpose  fighter."  Reference  Al,  ?-hC. 

Feel/Trim  System  S3 

o  "Transonic  maneuvers  were  characterized  by... Severe  noseup 

pitching  tendencies  near  limit  load  factors. . .Maneuvering  flight  in 
the  transonic  region  near  limit  load  factor  is  dangerous ...  could  result 
in  aircraft  overstress  or  loss  of  control."  Reference  AU,  F/RF-^C. 

Figures  1  (3. 2. 2. 2)  and  2  (3. 2. 2. 2)  present  a  time  history  and 
data  analysis  respectively,  of  a  typical  pitchup. 

o  "...transonic  noseup  pitching  tendencies  manifested  themselves 

to  the  pilot  as  a  very  obvious  stick  lightening. .. compromised  flight 
safety  and  degraded  the  capability  of  the  aircraft  to  perform  the  air 
superiority  role."  Reference  A5,  F-4C. 

o  "At  the  forward  C.G.  positions. . .maneuvering  stability  char¬ 

acteristics  were  excellent  (C2)  ...The  gradient  of  stabilator  position 
with  respect  to  normal  acceleration  was  positive  and  linear.  As  the 
C.G.  moved  aft,  the  stick  force  per  "g"  gradient  decreased  and  became 
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curvilinear  with  a  continual  reduction  in  the  local  gradient.  The 
stabilator  position  versus  airspeed  gradient  changed  from  positive  to 
negative  and  all  maneuvering  flying  qualities  deteriorated. As  the 
C.G.  moved  aft .. .Longitudinal  pitch-up  was  often  encountered... 
normal  acceleration  continued  to  increase  rapidly  without  an  increase 
in  longitudinal  stick  force... Air  combat  maneuvering  became  impossible 
with  any  degree  of  safety  or  effectiveness  (C7.5)."  Reference  N21,  F-4J. 
o  "Maneuvering  longitudinal  stability  in  configurations  PA  and  PA^- 

was  negative.  With  the  airplane  trimmed  in  configuration  PA  at  5,000 
ft.  and  165  KCAS  (10  kt.  faster  than  "on  speed")  with  a  center  of 
gravity  position  of  31%  MAC,  the  stick  was  pulsed  aft  with  a  two-to- 
three  pound  pull  force  and  then  released.  The  angle-of-attack 
increased  steadily  to  25  units  at  which  point  the  nose  pitched  up  and 
the  airplane  stalled.  This  maneuver  was  repeated  several  times  at 
varying  C.G.’s,  and  the  same  objectionable  results  were  observed. 

Once  a  positive  pitch  rate  was  established  it  required  a  definite  push 
force  to  arrest  the  pitch  rate  [rating  Ch.5],  Under  instrument 
conditions,  where  airplane  attitude  visual  cues  are  missing,  this 
characteristic  would  become  even  more  objectionable  since  constant 
pilot  attention  would  be  required  to  simply  maintain  proper  pitch 
attitude  (C6).  The  maneuvering  longitudinal  stability  characteristics 
in  configurations  PA  and  PA1^  ...contributed  to  the  poor  approach  handling 
characteristics  of  the  airplane."  Reference  N23,  F-4M. 

Feel/Trim  System  SU 

o  "A  definite  noseup  pitching  tendency  was  experienced  above 

[representative  PA  angle  of  attack]...  With  [destabilizing  store  con¬ 
figurations  and]  c.g.  positions  aft  of  30  percent  MAC,  adequate  control 
of  angle  of  attack  at  normal  approach  speeds  required  a  considerable 
amount  of  pilot  attention  [rating  CH5].  These  longitudinal  character¬ 
istics  coupled  with  poor  PA  configuration  aerodynamic  stall  warning 
present  a  definite  flight  safety  hazard  since  they  can  lead  to  inadvertent 
high  angle  of  attack  and  loss  of  control.  The  noseup  pitching  tendency 
and  lack  of  stick  force  cues  in  the  PA  configuration  should  be 
corrected." 
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"Maneuvering  with  the  c.g.  near  the  apparent  maneuver  point 
[in  the  subsonic  region]  required  continuous  pilot  effort  to  avoid 
"g"  overshoot  and  precise  tracking  was  impossible  [rating  CH5j. 
Maneuvering  with  the  c.g.  af~  of  the  apparent  maneuver  point  required 
excessive  pilot  compensation  to  avoid  aircraft  overstress  or  loss  of 
control  [rating  CH7]".  Reference  A7,  F-liE. 

E.  DISCUSSION 

The  above  comments  indicate  that  zero  maneuvering  stability  (no 
incremental  control  force  to  increase  normal  load  factor)  is  repre¬ 
sentative  of  Level  2  flying  qualities,  and  that  negative  stability 
(decreasing  pull  force  to  increase  normal  load  factor  in  a  pullup) 
represents  Level  3.  Unfortunately  it  is  not  possible  to  place  any 
"floor"  value  on  negative  Fs/n  using  F— U  data,  because  the  gradients 
are  in  a  region  of  considerable  data  scatter.  (Figure  2  (3. 2. 2. 2)  is 
a  typical  example). 

The  rating  of  Reference  A7  suggests  that  near- zero  stability 
falls  in  Level  2  and  so  zero  stability  might  represent  the  lower 
Level  2  boundary.  Reference  B2  recognizes  that  negative  stability 
may  in  some  circumstances  fall  within  Level  3,  rather  tnan  outside 
Level  3  as  the  specification  states.  The  justification  for  retaining 
the  more  stringent,  or  conservative  requirement  is  toe  possible 

interaction  of  several  Level  3  parameters.  F-^  experience  provides  no 
background  on  such  interaction,  but  in  spite  of  this,  it  seems  reason¬ 
able  to  recommend  a  rather  more  conservative  relaxation  than  the  F-^ 
results  suggest  and  specify  neutral  position  stability  as  Level  3,  with 
a  suitable  qualifying  statement. 

F.  RECOMMENDATIONS 

The  requirement  shall  be  amended  to  read; 

"For  Levels  1  and  2,  in  steady  turning  flight  and  in  pullups  at 
constant  speed,  increasing  pull  forces  and  aft  motion  of  the 
elevator  control  and  airplane-nose-up  deflection  of  the  eleva¬ 
tor  surface  are  required  to  maintain  increases  in  normal  acceler¬ 
ation  throughout  the  range  of  service  load  factors  defined  in 
3.1.8.1+.  Increases  in  push  force,  forward  control  motion,  and 
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airplane-nose-down  deflection  of  the  elevator  surface  are  required 
to  maintain  reductions  of  normal  accelerations  in  pushovers.  For 
Level  3,  neutral  control  position  stability  is  permissible  pro¬ 
vided  that  the  control  force  stability  remains  positive. 
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Time  History  of  a  Pullup 
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3. 2. 2. 2.1  Control  Forces  in  Maneuvering  Flight 


A.  REQUIREMENT 

3. 2. 2. 2.1  Control  Forces  in  Maneuvering  Flight  -  At  constant  speed  in 
steady  turning  flight,  pullups,  and  pushovers,  the  variations  in  elevator- 
control  force  with  steady-state  normal  acceleration  shall  he  approximately 
linear.  In  general,  a  departure  from  linearity  resulting  in  a  local  gra¬ 
dient  which  differs  from  the  average  gradient  for  the  maneuver  hy  more  than 
50  percent  is  considered  excessive.  All  local  force  gradients  shall  be 
within  the  limits  of  Table  V.  In  addition,  whenever  the  short-period  fre¬ 
quency  is  near  the  upper  boundaries  of  Figure  1,  Fs/n  should  be  near  the 
Level  1  upper  boundaries  of  Table  V.  This  may  be  necessary  to  avoid  abrupt 
response,  sensitivity,  or  tendencies  toward  pilot-induced  oscillations. 

The  term  gradient  does  not  include  that  portion  of  the  force  versus  n  curve 
within  the  preloaded  breakout  force  or  friction  band. 


Table  V 

Elevator  Maneuvering  Force  Gradient  Limits 


Center  Stick  Controllers 

Level 

Maximum  Gradient, 

<Fs/n)max'  P°unds  Per  9 

Minimum  Gradient, 
{Fs/n)min,  pounds  perg 

1 

240 

n/a 

but  not  more  than  28.0 

nor  less  than  * 

nL  — 

The  higher  of 

21 

nL-1 
and  3.0 

2 

360 

n/a 

but  not  more  than  42.5 

85 

nor  less  than - * 

nL-1 

The  higher  of 

18 

nL-1 
and  3.0 

3 

56.0 

3.0 

*For  nL  <3  (Fs/n)max  is  28.0  for  Level  1, 42.5  for  Level  2. 

B.  APPLICABLE  PARAMETERS 

(1)  Variation  of  longitudinal  stick  force  with  normal  acceleration. 

(2)  Boundaries  are  a  function  of  n/a;  at  high  n/a,  the  Fs/n  bound¬ 
ary  is  a  function  of  the  airplane  limit  load  factor,  n^. 
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C.  F-4  CHARACTERISTICS 

(1)  The  F-4  data  provide  a  validation  of  only  that  portion  of  Table 
V,  maneuvering  force  gradient  limits,  pertaining  to  the  center 
stick  controller. 

(2)  Maneuvering  longitudinal  stability  data  are  available  for  config¬ 
urations  PA,  CR,  CO  and  P  throughout  the  airspeed  envelope  at 
altitudes  between  5,000  ft.  and  4-5,000  ft.  The  data  were 
obtained  during  wind-up  and  steady  turns  while  holding  constant 
Mach  number  and  nearly  constant  altitude. 

(3)  At  high  n/a,  the  Fs/n  boundaries  are  given  in  terms  of  limit  load 
factor,  which,  on  the  P-4,  is  a  function  of  Mach  number,  gross 
weight,  and  external  store  loading.  The  available  P-4  data  can 
reasonably  be  grouped  under  four  different  values  of  limit  load 
factor;  5.0,  6.5,  7.0,  and  8.0.  Therefore,  the  Fs/n  versus  n/a 
data  presented  on  Figures  1  through  4  (3. 2. 2. 2.1)  contain  Fs/n 
boundaries  based  on  limit  load  factors  ^f  5*0,  6.5,  7«0,  uud  8.0, 
respectively;  Figure  17  (3.2.2, 2.1)  presents  all  available  data  on 
boundaries  based  on  a  limit  load  factor  of  7»0. 

(4)  Evaluation  data  are  presented  for  the  clean  airplane  as  well  as 
the  airplane  with  various  combinations  of  external  stores. 

D.  SUMMARY  OF  PILOT  RATINGS  AMD  COMMENTS 

The  qualitative  data  on  the  F-4  are  presented  below,  separated  into 
categories  of: 

(1)  Trim  Mach  Number  -  subsonic,  transonic  or  supersonic 

(2)  Flight  Phase  -  PA,  CR,  CO,  or  P  configuration 

'  (3)  Center  of  Gravity  Position  -  forward,  mid  or  aft  (where  available) 

(4)  External  Store  Loading  -  usually  in  terms  of  Stability  Index  (Si) 

Subsonic  -  PA  Configuration  -  With  External  Stores 

Reference  A7  evaluated  the  maneuvering  characteristics  of  the  F-4E  and 
concluded  that  for  various  store  loadings: 

o  "In  general  the  PA  maneuvering  characteristics  were  unsatisfactory. 

. . .gradients. , .so  light  that  stick  force  cues  for  AOA  control  were  almost 

nonexistent,  particularly  at  aft  c.g.'s  and  high  Si’s."  CH3  (fwd  c.g»),  C(l4 

%  \  • 

( aft  c . g . ) . 
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"A  definite  nose-up  pitching  tendency  was  experienced  above  approxi¬ 
mately  19  units  AO  A.  ...With  Si's  of  144.8  and  189  at  c.g.  positions  aft  of 
30 %  MAC,  adequate  control  of  AOA  at  normal  approach  speeds  required  a  con¬ 
siderable  amount  of  pilot  attention.11  (CH5)  Reference  A7 »  F— 4E. 

Subsonic  -  CR  Configuration  -  With  and  Without  External  Stores 

Reference  A1  provided  considerable  data,  both  on  clean  aircraft  and 
with  various  combinations  of  external  store  loadings  on  the  S2  system. 
Unfortunately  specific  validating  pilot  opinions  were  non-existent  on  the 
external  store  loading  configurations.  However,  for  the  aircraft  with  and 
without  external  stores,  there  are  general  comments  that,  in  the  region  of 
high  stabilator  effectiveness  (subsonic)  at  all  altitudes,  stick  force 
lightening  occurred  either  just  prior  to  or  shortly  after  entering  the 
buffet  boundary. 

CR  configuration  subsonic  maneuvering  with  feel /trim  system  SH 
resulted  in  the  following  comments: 

0  "At  forward  c.g.  positions  and  low  Si's,  the  aircraft  exhibited 

satisfactory  stick  force  gradients  and  allowed  safe  maneuvering  up  to  the 
maximum  attainable  or  allowable  load  factor  (CH2), 

"Maneuvering  with  the  c.g.  near  the  apparent  maneuver  point  required 
continuous  pilot  effort  to  avoid  "g"  overshoot  and  precise  tracking  was 
impossible  (CH5)." 

"Maneuvering  with  the  c.g.  aft  of  the  apparent  maneuver  point  required 
excessive  pilot  compensation  to  avoid  aircraft  overstress  or  loss  of  control 
(CH7)."  Reference  AT,  F-4E. 

CR  configuration  maneuvering  with  the  S3  system  gave  the  following, 
comments : 

o  "Without  external  stores .....  and  in  the  mid  c.g.  range,  the  aircraft 
displayed  positive  stability  and  good  handling  characteristics ...  For  the 
subsonic  flight  conditions. . .Stick  force  and  stabilator  gradients  were 
linear  up  to  the  onset  of  buffet." 

Examples  of  test  results  are  reproduced  in  Figures  5(3. 2. 2.2.1) , 

6(3. 2. 2. 2.1) ,  and  7(3. 2. 2. 2.1) .  The  gradient  changes  are  heavily  dependent 
on  the  fairing  through  the  data  points:  Figure  5  (3. 2. 2. 2.1)  is  a  good 
example.  Reference  A3,  F— 4C. 
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O  "...good  handling  characteristics - Stick  force  and  stabilator 

gradients  were  almost  linear  but  usually  slightly  curved  concave  downward 
until  the  onset  of  buffet."  This  refers  to  subsonic  flight  of  the  clean 
aircraft,  the  data  being  similar  to  that  reproduced  from  Reference  A3. 

Reference  A5,  F-4C. 

Tyrannic  -  With  and  Without  External  Stores 

Pen  maneuvering  longitudinal  stability  comments  are  available  with 
feel/trim  system  SI.  One  comment  from  Reference  12  relatcB  to  the  non¬ 
linearity  of  the  F  /n  gradient  in  configuration  P  (HRT): 

„  "a  marked  decrease  in  the  maneuvering  longitudinal  control  force 

gradient  and  stabilator  position  gradients  during  wind-up  turns  at  approxi¬ 
mately  he  at  high  subsonic  airspeeds  was  encountered. .  .shows  that  normal 
acceleration  will  increase  Ig  without  increase  in  stabilator  deflection. 

The  longitudinal  control  force  lightening  encountered  subsequent  to  onset 
buffet  liroius  tactical  maneuvering  effectiveness  in  this  flight  region. 

(Eh).  This  gradient  is  illustrated  in  Figure  8«3.2.2.2.!>.  Attempting 
to  validate  the  specification  requirement  for  linearity  of  the  local 

gradient  becomes  difficult  due  to  data  scatter. 

Reference  A1  provided  the  following  comment  on  the  transonic  charac- 

teristics  of  the  F-4C  in  the  clean  configuration  with  feel/trim  system  82. 
o  "Stick  lightening  became  more  pronounced  and  occurred  at  load  factors 
well  below  buffet."  This  evaluation  was  made  without  external  stores. 

In  the  regions  where  stick  force  lightening  was  encountered  in  the  t-h, 
the  measured  gradient  decrease,  at  the  point  of  either  initial  buffet  or 
limit  load  factor,  generally  ranged  between  50®  and  100*  of  the  average 
initial  gradient.  The  pilot  opinions  of  this  stick  force  lightening  charac¬ 
teristic  generally  translate  to  a  level  2  rating  as  evidenced  by  the  fellow- 
ing  typical  comment  from  Reference  Al; 

0  "As  limit  load  factor  was  approached,  local  gradients  decreased  and 
were  very  low  as  the  limit  was  reached. ..  (this )  uose-up  pitching  tendency 
could  compromise  both  flight  safety  and  mission  accomplishment. .  .(and) 
should  he  eliminated  for  improved  tactical  employment."  Reference  Al  F-40. 

An  example  of  this  characteristic,  again  frmn  Reference  Al.  is  shown 
in  Figure  9  13.2.2.2.1).  External  stores  were  not  carried. 
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o  "Maneuvering  in  the  region  of  0.9  to  1.1  Mach  number  was  character¬ 
ized  by  high  maneuvering  force  gradients  coupled  with  severe  nose-up  pitching 
tendencies  when  approaching  the  limit  load  factor.  These  nose-up  pitching 
tendencies  manifested  themselves  to  the  pilot  as  a  very  obvious  stick 
lightening. . .nose-up  pitching  compromised  flight  safety  and  degraded  the 
capability  of  the  aircraft  to  perform  the  air  superiority  role."  Typical 
data  are  presented  in  Figure  10  (3. 2. 2. 2.1}  and  11  (3. 2. 2. 2.1).  The  gra¬ 
dient  changes  are  considerably  more  than  50$.  Reference  A5,  F-4C. 

Reference  Nil  evaluated  a  feel/trim  system  proposal  which  replaced  the 
S4  system  3  lb/g  bobweights  with  5  lb/g  bobweights,  and  which  was  not 
incorporated  on  production  F-4  aircraft.  This  not  only  produced  excessive 
initial  stick  force  gradients  but  also  a  well-defined  reduction  in  gradient 
as  the  mechanical  stop  came  off  the  links,  when: 

o  "...the  gradient  decreases  by  more  than  50%  in  most  cases... The  rapid 
reduction  of  the  maneuvering  force  gradient  was  unsatisfactory ,  and  could 
easily  lead  to  overstress  condition  during  tactical  maneuvering  if  not 
closely  monitored  by  the  pilot  (C 6)."  This  is  illustrated  in  Figure  12 

(3. 2. 2. 2.1) .  Reference  Nil,  F/RF-4B. 

Reference  N21  is  quoted  in  paragraph  3. 2. 2. 2  in  order  to  illustrate  the 
degradation  in  flying  qualities  as  maneuvering  stability  decreases;  the 
curvilinearity  of  the  control  gradients  is  also  cited.  Figures  13 

(3. 2. 2. 2.1)  and  l4  (3. 2. 2. 2.1}  illustrate  a  pull-up  time  history  and  con¬ 
trol  gradients  for  similar  flight  conditions,  respectively. 

Reference  A4  compared  maneuvering  flight  characteristics  for  various 
feel/trim  systems  evaluated  on  the  F-4C.  The  report  implied  that,  with  the 
S4  system: 

o  "...transonic  (0.9  to  1.0  Mach)  maneuvers  were  characterized  by  a 
high  maneuvering  force  gradient  coupled  with  severe  nose-up  pitching  ten¬ 
dencies  near  limit  load  factors. .. (which  are)  dangerous."  (E0) .  Reference 
A4,  F-4c.  This  transonic  nose-up  pitching  tendency  is  illustrated  in  Figure 
15  (3.2. 2. 2.1). 

Supersonic  -  Without  External  Stores 

Reference  A1  provides  maneuvering  characteristics  for  an  F-4C  with 
feel/trim  system  S2,  in  the  clean  configuration.  Pilot  comments  on  the  CO 
configuration  at  supersonic  speeds  are  as  follows: 

193 


o  "Above  Mach  1.34,  no  stick  force  lightening  was  noted  and  gradients 
were  higher  than  specified  in  Reference  B1  but  were  considered  acceptable." 
(E4).  Reference  Al,  F-4c. 

Reference  A4  compared  maneuvering  force  gradient  linearity  for  feel/ 
trim  systems  S3  and  S4. 

o  "The  maneuvering  force  gradients  with  the  [S3]  control  system  were 
satisfactory  during  supersonic  flight  at  all  altitudes . .,[ the  S-4  system 
exhibited  a]... force  gradient  which  was  less  linear  than  that  exhibited  by 
the  [S3]  system  under  comparable  conditions.  This  change  in  maneuvering 
force  gradients  was  not  detectable  by  any  of  the  pilots  who  evaluated  the 
[S4]  control  system."  The  decrease  in  stick  force  per  g  as  load  factor 
increases  is  roughly  30%  for  the  S4  control  system  and  about  k0%  for  the  S3 
control  system.  The  comparison  plot  is  reproduced  in  B'igure  1 6  (3. 2. 2. 2.1); 
no  actual  test  points  are  supplied.  Reference  A4,  F-4C. 

Reference  A7  evaluated  the  supersonic  maneuvering  char ac ‘•.eristics  of 
the  F-4E  in  the  clean  configuration  and  concluded  that: 
o  "Stick  force  gradients .. .were  not  so  excessive  as  to  cause  pilot 
fatigue  and  were  not  considered  unsatisfactory  (CH3) . "  Fs/n  ranges  from 
about  6  to  14  lbs/g,  n/a  from  24  to  6j  g/rad. 

Reference  Nil  commented  that  the  maneuvering  force  gradients  with 
the  S4  configuration  were  considerably  lighter  than  those  experienced 
with  any  other  feel/trim  system  because  of  the  reduced  bobweight,  and 
further  that: 

o  "The  lighter  maneuvering  force  gradients  coupled  with  the  lack  of 
centering  from  aft  stick  displacements. . .resulted  in  unsatisfactory  hand¬ 
ling  characteristics  during  maneuvering  flight  (C6)."  Reference  Nil,  F-4b. 

E.  DISCUSSION 

(1)  F-4  data  suggest  that  strict  application  of  the  30%  gradient 
change  requirement  for  all  local  gradients  is  not  realistic;  stick  force 
lightening  at  high  angles  of  attack  is  not  objectionable  provided  the 
gradient  change  is  gradual  and  minimum  stick  force  gradient  requirements 
are  met.  However,  the  requirement  seems  to  be  reasonable  for  gradients 

up  to  initial  buffet  on  the  F-4,  and  therefore  for  Level  1  flying  qualities 
in  the  Operational  Flight  Envelope. 

(2)  Typical  of  data  from  Class  IV  airplanes,  as  illustrated  on 
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Figures  1  through  4  (3. 2. 2. 2.1),  the  majority  of  F-4  data  is  at  fairly 
high  n/a  (8  <  n/a  <  70).  The  exceptions  are  a  few  PA  configuration  points 
between  1.5  and  6.0  n/a.  Note  that  the  data  on  the  summary  plots, 

Figures  1  through  4  (3. 2. 2. 2.1),  are  separated  into  the  four  nominal  values 
of  n^;  Figure  17  (3. 2. 2. 2.1)  combines  all  data  points  on  one  figure,  and  is 
useful  in  examining  trends  of  the  pilot  rating  data.  The  single  nL  plots, 
Figures  1  through  4  (3-2. 2. 2.1),  do  not  contain  sufficient  data  to  validate 
the  upper  boundary  nor  to  validate  the  requirement  that  Fs/n  upper  limits 
vary  with  n/a.  Furthermore,  the  combined  plot.  Figure  17  (3. 2. 2. 2.1) 
indicates  no  obvious  trend  of  level  1  and  2  pilot  ratings  with  n/a. 

(3)  The  validation  of  the  lower  boundaries  is  good  with  the  excep¬ 
tion  of  data  in  Figure  1,  which  provides  Level  3  pilot  ratings  at  an 
Fs/n  as  low  as  1.0  lb.  This  indicates  that  the  established  Level  3  mini¬ 
mum  of  3.0  lb/g  is  too  high  and  that  pilots  will  accept  less  to  recover 
and  return  home.  Further,  a  lower  Level  3  minimum  will  provide  a  distinc¬ 
tion  between  the  Level  1/2  minimum  boundary  and  the  Level  3  minimum,  which 
now  form  a  common  boundary,  for  high  values  of  n^.  The  F-4  ratings 
indicate  that  1.0  lb/g  would  be  acceptable;  however,  intuitively  this 
seems  low.  A  good  compromise  would  be  2.0  lb/g. 

(4)  No  explanation  is  apparent  for  the  group  of  Level  2  pilot  rat¬ 
ings  which  fall  in  the  middle  of  the  Level  1  data  on  Figure  2. 

(5)  F-4  results  provide  some  support  for  the  boundary  which  appears 
as  a  dashed  line  in  Figure  17  (3. 2. 2.2.1).  Taken  with  the  CAL  data,  F-4 
experience  seems  to  indicate  some  sort  of  "hump"  in  the  lower  Fs/n 
boundaries,  however,  the  available  data  are  still  insufficient  to  justify 
a  change. 

(6)  The  low  altitude,  high  speed  subsonic  region  is  an  area  of  the 
flight  envelope  which  has  evoked  F-4  pilot  comments  concerned  with  abrupt¬ 
ness  of  response,  sensitivity,  and  tendency  toward  pilot-induced  oscilla¬ 
tions.  A  typical  comment  is: 

o  "In  the  low  altitude  high  speed  (LAHS)  flight  region,  flight  with 
PITCH  AUG  OFF  could  lead  to  a  pilot  induced  oscillation  (PI0)  with  possi¬ 
ble  catastrophic  results  due  to  poor  damping  combined  with  high  control 
sensitivity  (C7.5)."  Reference  Nl8,  F-4j. 
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The  corresponding  frequency  range  is  about  2  to  U  radians /sec. ,  with 
n/oj  values  estimated  from  other  reports  around  25  to  TO  g's /radian.  In 
view  of  the  low  frequency  of  the  F-H  longitudinal  short  period  oscillation 
no  validation  of  the  requirement  on  high  values  of  u>nsp  is  possible. 

F.  RECOMMENDATION 

The  Level  3  minimum  boundary  should  be  relaxed  to  2.0  lb/g. 
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Figure  1  {3.2.2.2.1} 
Maneuvering  Longitudinal  Stability 
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Figure  2  (3 .2. 2.2.1) 
Maneuvering  Longitudinal  Stability 

nL  =  6.5 
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Figure  343.2.2.2.1) 
Maneuvering  Longitudinal  Stability 
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Figure  4(3.2.2.2.11 
Maneuvering  Longitudinal  Stability 
=  8.0 
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Note:  7.8g  load  factor  limit 
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Figure  5  (3.2.2.2.1) 
Longitudinal  Maneuvering  Stability 
Cruisa  Configuration  •  Feel/Trim  System  S3 
Reference  A3,  F4C 
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Note:  8.5g  load  factor  limit 
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Figure  6  (3.2.2.2.1) 
Longitudinal  Maneuvering  Stability 
Cruise  Configuration  -  Feel/Trim  System  S3 
Reference  A3,  F-4C 
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Note:  7.65g  load  factor  limit 
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Figure  7  (3.2.2.2.1) 
Longitudinal  Maneuvering  Stability 
Cruise  Configuration  •  Feel/Trim  System  S3 
Reference  A3,  F-4C 
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Altitude  -  16,500  ft 
Gross  Weight  -  38,000  lb 
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C.G.  30.6%  c 
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Figure  8  (3.2.2.2.1) 
Longitudinal  Maneuvering  Stability 
Configuration  P(MRT)  -  Feel/Trim  System  SI 
Reference  N2,  F4H-1 
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Figure  9  0.2.2.2.1) 
Longitudinal  Maneuvering  Stability 
Combat  Configuration  *  Feel/Trim  System  S2 
Referents  A1,  F-4C 
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Loading: 
2  AIM-7  Missiles 

Trim  Conditions 

Altitude  (ft)  Mach  No.  KCAS  Gross  Wt  (lb)  CG  (pet  c) 
24,500  1.03  452  35,600  27.2 


Figure  10(3.2.2.2.1) 
Longitudinal  Maneuvering  Stability 
Combat  Configuration  •  Feel/Trim  System  S3 
Reference  A5,  F-4C 
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Loading: 
2  AIM-7  Missiles 


Trim  Conditions 

Altitude  (ft)  Mach  No.  KCAS  Gross  Wt  (lb)  CG  (pet  c) 
22,000  0.97  '  443  38,200  32l 


Figure  11  (3.2.2.2.1) 
Longitudinal  Maneuvering  Stability 
Cruise  Configuration  -  Feel/Trim  System  S3 
Reference  A5,  F-4G 
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Figure  12  (3.2.2.2.1) 
Longitudinal  Maneuvering  Stability 
Combat  Configuration  -  Feel/Trim  System  S3 
Reference  Nil,  F-4J 
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Figure  13  (3.2.2.2.1) 
Longitudinal  Maneuvering  Stability 
Time  History  of  Fullup 
Combat  Configuration  *  Feel/Trim  System  S3 
Reference  N21,  F-4J 
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Longitudinal  Maneuvering  Stability 
Combat  Configuration  *  Feel/Trim  Syssam  S3 
Reference  N21,  F4J 
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Figure  15  (3.2.2.2.1) 
Longitudinal  Maneuvering  Stability 
Cruise  Configuration  —  Feel/Trip  System  S4 
Reference  M,  F-4C 
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Figure  16(3.2.2.2.1) 
Longitudinal  Maneuvering  Stability 
Combat  Configuration 
Reference  A4,  F-4C 
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3. 2. 2. 2. 2  Control  Motions  in  Maneuvering;  Flight 


A.  REQUIREMENT 

3. 2. 2. 2. 2  Control  Motions  In  Maneuvering  Flight  -  The  elevator-control 
motions  in  maneuvering  flight  shall  not  he  so  large  or  so  small  as  to  be 
objectionable.  For  Category  A  Flight  Phases,  the  average  gradient  of 
elevator-control  force  per  inch  of  elevator-control  deflection  at  constant 
speed  shall  not  be  less  than  5  pounds  per  inch  for  Levels  1  and  2. 

B.  APPLICABLE  PARAMETERS 

Longitudinal  stick  force/deflection  gradient  at  constant  speed. 

C.  F-4  CHARACTERISTICS 

F 

The  required  parameter,  v3-  ,  can  be  written  as: 

ST 

F  F  1 

s  _  _s_  <  1 

6ST  n  5st/n 

The  expression  is  written  in  this  form  to.  draw  attention  to  the  interdepen- 
dence  of  the  force  and  position  gradients.  For  the  F-4,  ^  depends  on  both 
the  aircraft  aerodynamic  characteristics  and  the  applicable  feel/trim  sys¬ 
tem,  while  ^ST  depends  only  upon  the  aerodynamic  characteristics  because 
n 

the  F-4  has  a  fixed  stabilator-to-stick  position  gearing  which  is  common  to 

all  models .  The  only  pilot  comments  available  are  primarily  concerned  with 

£s.  .  For  this  reason,  the  data  (Figure  1  (3. 2.2. 2. 2))  are  presented  on  the  ff. 
®  fiqm  ® 

vs.  -EL  plane  in  the  manner  of  Reference  B2  in  order  that  the  interrelation 

can  he  borne  in  mind  when  assessing  the  pilot  ratings  and  data.  Because  of 

the  nature  of  this  study,  the  approach  of  Reference  B2  in  plotting  only  those 

F 

points  possessing  a  specification  Level  1  value  of  has  not  been  followed. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS  „ 

g 

Available  pilot  comments  do  not  specifically  mention  characteris¬ 
tics.  The  pilot  ratings  in  Figure  1  (3. 2. 2. 2. 2)  are  based  on  gratings. 

E.  DISCUSSION 

F0 

No  data  points  with  -  values  less  than  5  lb/in  were  evaluated. 

5ST  Fg 

Many  Level  2  and  some  Level  3  points  possess  values  greater  than 

5  lb/in;  however,  a3  discussed  in  paragraph  C,  the  ratings  are  not  inde- 
s  Therefore,  the  F-4  data  do  not  constitute  a  basis  for 


n 


pendent  of 

recommending  a  change. 

F.  RECOMMENDATIONS 


References  N2,  N1 1,  A1,  A3,  A4,  A5,  A7 
Pilot  rating  code: 

O  Level  t 
©  Level  2 
@  Level  3 


Note:  Specification  boundary  as 
shown  does  not  take  n/a  or  n^ 
into  account 


Figure  1  <3.2.2.2.2) 

Control  Force  Per  Control  Displacement 
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n  vzfr- -  <^«rv:t'<»  Sr;  *5*3*0' 


3.2. 2. 3  Longitudinal  Pilot-Induced  Oscillations 

A.  REQUIREMENT 

3. 2. 2. 3  Longitudinal  Pilot-Induced  Oscillations  -  There  shall  be  no 
tendency  for  pilot-induced  oscillations,  that  is,  sustained  or  uncontroll¬ 
able  oscillations  resulting  from  the  efforts  of  the  pilot  to  control  the 
airplane. 

B.  APPLICABLE  PARAMETERS 

This  is  a  qualitative  requirement,  however,  the  following  parameters 
are  believed  to  influence  the  PIO  character! sties  of  a  given  airplane 
design, 

(1)  Short  period  damping/frequency 

(2)  Control  system  dynamics /friction/free  play 

(3)  Peel  system  phasing 

(4)  Control  force/motion  gradients 

C.  P-4  CHARACTERISTICS 

This  paragraph  of  the  specification  along  with  the  user  guide  back¬ 
ground  information  is  intended  to  prpvide  guidance  for  the  design  of  con¬ 
trol  systems  and  to  alert  the  contractor  to  the  importance  of  the  inter¬ 
relationship  between  airframe  and  control  system  dynamics.  A  review  of  the 
F-4  PIO  characteristics  is  presented  in  an  attempt  to  improve  the  under¬ 
standing  of  the  causes  and  effects  of  the  PIO  problem,  particularly  as  it 
relates  to  feel  system  design. 

The  PIO  tendency  on  the  F-4  is  generally  the  result  of  high  longitudi¬ 
nal  control  sensitivity  in  combination  with  low  short  period  damping. 
Contributing  to  PIO  susceptibility  is  a  relatively  high  short  period  natural 
frequency  at  low  altitude  and  high  subsonic  Mach  numbers.  Disengaging  the 
SAS  and/or  an  aft  c.g.  condition  further  aggravates  the  PIO  tendency, 

Another  contributing  factor  has  been  shown  to  be  the  forcing  effect  of  the 
pilots  forearm  on  the  stick.  In  connnection  with  this,  the  P-4  pilot 
restraint  system  is  considered  by  MCAIR  pilots  to  be  an  important  parameter 
affecting  PIO  characteristics. 

Reference  N5  attempted  to  evaluate  a  criterion  for  PIO  tendencies 
utilizing  P-4B  data.  The  following  parameters  are  involved:  l)  The  longi¬ 
tudinal  sensitivity  (related  to  stick  fixed  £  )  and  2)  the  work/g2  input 


216 


to  the  stick  (product  of  longitudinal  F0/n  and  longitudinal  6st/n).  This 
sensitivity-work  plot  is  presented  in  Figure  1  (3. 2.2. 3).  The  PIO  tendency 
rating  scale  used  in  this  analysis  is  shown  in  Table  1  (3. 2. 2. 3).  The 
results  are  not  conclusive;  a  number  of  possible  to  probable  rated  data 
points  fall  outside  the  shaded  area  and  within  the  region  of  none-to-possible 


Table  II  (3. 2. 2. 3)  is  a  summary  from  Reference  N7  showing  the  variation 
of  handling  characteristics  and  PIO  tendency  with  Mach  number  at  c.g.'s  aft 
of  33#c.  The  report  comments  that,  at  c.g.-s  forward  of  33^,  PIO  tendency 
is  reduced  in  severity  but  still  exists. 


D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
Feel/Trim  System  SI 

Qualitative  F-l  evaluations  of  the  PIO  tendency  of  the  dovnspringe/ 
Viscous  damper/5  lb/g  bobweight  system  are  summarized  below, 
o  "(During)  low  altitude  high  speed  flight... a  limit  of  35i&  MAC  should 

be  observed  due  to  airplane  short  period  and  PIO  characteristics  without 
STAB  AUG."  Reference  N4,  Flffl-1. 


o  "Longitudinal  control  sensitivity  was  greatest  in  the  .6l  to  .92  M 
range... (where)  a  PIO,  STAB  AUG  OFF,  was  possible."  (28.3  to  30.5#c). 

"This  combination  of  reduced  stick  fixed  damping  and  high  longitudinal 
control  sensitivity  resulted  in  a  possible  PIO  tendency,  STAB  AUG  ON,  be¬ 
tween  ,60  M  and  .80  M.  (31.0  to  34.555c) .  With  STAB  AUG  ON  stick  free 
damping  was  sufficiently  high  to  permit  releasing  the  stick  to  recover  from 
a  PIO.  With  STAB  AUG  OFF  the  reduction  in  stick  fixed  damping  above  a  .60 
Mm  combination  with  a  high  longitudinal  control  sensitivity  resulted  in  a 
highly  probable  PIO  tendency  between  .70  M  and  .80  M.  With  STAG  AUG  OFF 
stick  free  longitudinal  short  period  damping  was  lower  than  the  stick  fixed 
damping  over  the  Mach  number  range  tested.  Above  .65  M  a  severe  deteriora¬ 
tion  of  stick  free  damping  occurred  culminating  in  a  neutrally  damped  stick 
free  short  period  oscillation  at  .79  M.  The  cause  of  the  excessively  low 
stick  free  damping  was  attributed  to  an  oscillation  of  the  longitudinal  con¬ 
trol  system  which  was  excited  by  normal  acceleration  acting  on  the  longitudi¬ 
nal  bobweight.  In  this  case  (CG  position  aft  of  32#  MAC)  the  normal  PIO 
recovery  technique  of  releasing  the  stick  was  not  successful.  The  stick 
free  control  system  oscillation,  although  of  smaller  magnitude,  was  also 
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present  at  a  forward  C.G.  It  was  found  that  the  only  reliable  recovery- 
technique  as  to  "freeze"  the  stick  in  an  approximate  trim  position  and 
rely  on  the  airplane's  natural  damping."  Reference  N5,  F-4B. 

"The  PIO  tendency .. .was  one  of  medium  frequency  (0.5  cps)  with  essen¬ 
tially  no  damping... at  c.g.  locations  aft  of  32$  MAC,  STAB  AUG  OFF  (C9)." 
Reference  N5,  F-4B. 

Reference  N5  also  presented  an  interesting  opinion  concerning  the 
effect  of  cockpit  geometry  on  the  PIO  tendency. 

o  "...the  distance  between  the  pilot  and  the  control  stick  is  excessive 
throughout  the  range  of  adjustment  of  the  pilot's  seat.  This  distance,  in 
addition  to  giving  the  pilot  the  feeling  that  he  is  "reaching"  for  the 
stick,  increases  the  possibility  of  a  pilot  induced  oscillation.  In  normal 
flight  the1 cockpit  geometry  is  such  that  the  pilot's  arm  is  bent  only 
slightly  at  the  elbow.  Any  sudden  airplane  motion  producing  a  change  in 
normal  acceleration  results  in  pilot  movement  in  relation  to  the  seat. 

This  motion  in  turn  is  fed  to  the  control  system  through  the  pilot's  arm. 

The  effect  of  pilot  feedback  is  reduced  when  the  control  stick  is  further 
aft  because  the  pilot's  forearm  can  move  vertically,  and  airplane  motion  is 
not  transmitted  to  the  control  system.  Correction  of  the  excessive  pilot  to 
stick  distance  is  mandatory  for  satisfactory  service  use."  Reference  N5, 
F-4B. 

This  characteristic  was  also  commented  on  in  References  A1  and  A2. 

Feel/Trim  System  S2 

The  S2  system  modified  the  original  system  by  incorporating  a 
restricted  motion  viscous  damper  and  revised  damper  links.  This  change, 
which  improved  the  stick  free  damping,  should  have  altered  the  PIO  charac¬ 
teristics  of  the  F-4  aircraft. 

The  low  altitude  high  speed  (LAHS)  flying  qualities  of  the  F-4B  with 
feel/trim  system  S2  installed  were  extensively  evaluated  in  Reference  NT: 
o  "The  F-4B  airplane  is  extremely  sensitive  longitudinally  in  the  LAHS 
region.  Small  stick  deflections  cause  increasingly  large  airplane  pitch 
responses  a3  the  airspeed  increases  and/or  the  CG  moves  aft.  The  longitudi¬ 
nal  sensitivity  coupled  with  longitudinal  short  period  damping  and  frequency, 
determines  the  PIO  tendency  of  the  airplane.  Control  system  oscillations, 
coupling  of  the  pilot  to  the  stick,  and  gust  inputs  also  affect  the  PIO 
tendency  of  the  F-4B," 
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"Forward  of  33$  MAC,  the  F-4B  airplane  always  exhibits  positive 
longitudinal  dynamic  stability  with  STAB  AUG  ON  or  OFF.  The  longitudinal 
damping  and  control  .system  sensitivity  are  such  that  any  inadvertent,  unde¬ 
sirable  motion  can  easily  be  stopped  stick-free  or  stick-fixed,  STAB  AUG  ON 
or  OFF.  Addition  of  external  stores  will  decrease  the  longitudinal  damping 5 
however,  safety  of  flight  is  not  compromised.  Recovery  from  a  PIO  can  be 
easily  effected  by  releasing  the  stick  and  letting  the  airplane  return  to 
trimmed  flight  conditions.  A  STAB  AUG  failure  forward  of  33$  MAC,  while 
degrading  mission  completion  capability ,  does  not  result  in  a  hazardous 
flight  condition.  However,  STAB  AUG  OFF  flight  requires  a  high  degree  of 
pilot  attention  at  all  times.  Adverse  weather  conditions  (IFR,  heavy  turbu¬ 
lence)  requires  above  normal  pilot  attention  and  would  make  mission  comple¬ 
tion  impossible  with  a  STAB  AUG  failure." 

"Aft  of  33$  MAC  and  at  speeds  between  .60  IMN  to  .88  IMN,  the  low  air¬ 
plane  [wn3  decreases  the  possibility  of  a  PIO,  STAB  AUG  ON  or  OFF,  even  with 
negative  longitudinal  dynamic  stability  (34$  MAC  loading  B),  Inadvertent 
large  amplitude  undesirable  airplane  motions  may  be  damped  STAB  AUG  ON.  or 
OFF  by  releasing  the  stick  or,  when  negative  longitudinal  dynamic  stability 
is  encountered,  by  applying  a  steady  pull  force  on  the  control  stick.  The 
high  control  system  sensitivity  makes  it  possible  to  excite  small  airplane 
short  period  longitudinal  oscillations  (±0.5g)  with  stick  movements  of  just 
a  fraction  of  an  inch.  With  STAB  AUG  ON  the  oscillations  damp  out;  with 
STAE  AUG  OFF,  these  small  oscillations  are  undamped,  and  pilot  inputs  are 
required  to  damp  the  motion." 

"Dynamic  stability  of  the  airplane  is  positive  through  the  transonic 
region  (.95  to  1.05  IMN)  aft  of  33$  MAC;  however,  very  high  longitudinal 
control  sensitivity  plus  an  increase  in  airplane  undamped  natural  frequency 
produce  flight  characteristics  which  are  undesirable  STAB  AUG  ON  and  ideal 
for  a  PIO  STAB  AUG  OFF.  The  pilot  can  release  the  stick  STAB  AUG  ON  or  OFF, 
when  a  longitudinal  oscillation  is  started,  and  the  airplane  will  damp  to 
stable  flight." 

"Between  1.05  IMN  and  750  KCAS  with  the  CG  position  aft  of  33$  MAC, 
the  longitudinal  damping  is  improved,  and  the  possibility  of  a  PIO  is 
reduced.  However,  the  longitudinal  damping  is  weak  enough  and  the  natural 
frequency  high  enough  (.8  cps  to  1.2  cps)  that  the  possibility  of  a  PIO  is 
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still  present.  Recovery  from  a  PIO  STAB  AUG  ON  or  OFF  in  this  airspeed 
region  is  best  accomplished  by  immediately  releasing  the  stick.  Extreme 
caution  and  no  abrupt  control  movements  in  this  airspeed  and  CG  region  are 
mandatory  for  safe  flight." 

"Precise  terrain  following  or  maneuvering  below  2,000  ft.  is  demanding 
STAB  AUG  ON  and  very  difficult  STAB  AUG  OFF.  Mission  completion  capability 
is  near  zero  with  STAB  AUG  OFF,  particularly  through  the  transonic  range 
and/or  under  adverse  weather  conditions." 

"The  PIO  tendency  was  rated  as  "possible  to  probable"  for  frequen¬ 
cies  above  0.7  cps  in  conjunction  with  a  damping  ratio  of  0.15  or  less." 
Reference  NT,  F-4B. 

o  "In  the  low-level  high-speed  regime,  the  aircraft  was  extremely  sen¬ 
sitive  to  longitudinal  stick  inputs.  This  sensitivity,  coupled  with  an 
unfavorable  pilot/stick  geometry  made  the  aircraft  extremely  difficult  to 
control  in  this  area.  Level  flight  could  be  easily  maintained  after  a  few 
indoctrination  flights  in  this  region,  but  it  was  difficult  to  perform  pre¬ 
cision  maneuvers  such  as  those  required  for  formation  flying  and/or  weapons 
delivery. . .The  most  critical  region  was  from  0.9  to  1.05  Mach  below  10,000 
feet  altitude.  In  this  region,  extreme  caution  had  to  be  used  when  applying 
corrections  for  sudden  pitch  changes  such  as  those  encountered  with  rough 
air,  speed  brake  actuation,  or  abrupt  power  changes.  In  these  instances, 
a  sudden  reaction  by  the  pilot  could  cause  overcontrolling  and  a  subsequent 
PIO.  Disengaging  the  stability  augmentation  in  this  region  resulted  in  a 
further  deterioration  of  the  pilot's  capability  to  control  the  aircraft  in 
the  longitudinal  mode. . .Disengaging  the  stability  augmentation  system 
lowered  the  damping  ratio  with  no  measurable  change  in  the  natural  frequency 
of  the  aircraft."  Reference  Al,  F-4C. 

"(Slow)  Longitudinal  trim  rate. . .caused  a  gross  out  of  trim  condition 
(to  exist)  during  speed  transient  conditions  which  added  to  longitudinal 
sensitivity  and  increased  the  PIO  susceptibility  of  the  aircraft  in  the  low 
altitude  high  speed  region.. .Longitudinal  control  was  extremely  sensitive 
during  low  altitude  high  speed  flight.  This  sensitivity,  coupled  with  weak 
damping,  made  the  aircraft  susceptible  to  PIO."  Reference  Al,  F-4C. 
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Feel/Trim  System  S3 

Downspring  removal  reduced  the  pilot  trimming  tasks  in  the  region  of 
high  control  sensitivity,  which  effectively  lowered  the  PIO  tendency.  How¬ 
ever,  pilot  opinions  were  not  consistent  in  recognizing  an  improvement: 
o  At  aft  c.g.’s  the  dynamic  characteristics  of  the  aircraft  were 
conducive  to  PIO  and  unacceptable  for  normal  or  emergency  conditions." 
Reference  A3,  F-4C. 

o  "Longitudinal  control. . .sensitivity  (during  low  altitude  high  speed 
flight),  coupled  with  weak  damping,  made  the  aircraft  susceptible  to  PIO's." 
Reference  A5,  F-1;C. 

o  The  (S2  Feel/Trim  System)  airplane  has  been  characterized  by  a  PIO 
tendency  during  rapid  low  altitude  accelerations  and  decelerations.  Down¬ 
spring  removal  (S3  System)  resulted  in  a  shallow  longitudinal  control  force 
gradient  with  respect  to  airspeed  which. .  .virtually  eliminated  the  PIO 

tendency  due  to  the  existence  of  an  out  of  trim  condition."  (C3)  Reference 
Nil,  F-4b. 

Feel/Trim  System  S4 

This  modification  provided  for:  l)  A  mechanical  stop  in  place  of  the 
viscous  damper,  2)  Revised  bellows  links,  and  3)  Replacement  of  the  5  Ib/g 
with  3  lb/g  bobweights.  Again  the  comments  are  contradictory: 
o  The  AFFTC  test  pilots  felt  that  the  improvement  of  the  longitudinal 
handling  qualities  in  the  low  altitude  -  high  speed  regime  were  far  more 
significant  than  the  loss  of  positive  stick  centering  at  low  airspeeds  (PA 
configuration)  and  the  negative  stick  force  versus  Mach  number  gradient  in 
the  low  supersonic  regime."  Reference  Ak3  F~4c. 

o  "At  aft  c.g.'s  and  low  altitude  with  high  speeds,  the  dynamic  character¬ 
istics  of  the  aircraft  were  conducive  to  PIO’s,  particularly  with  pitch 
SAS  disengaged."  Reference  A7,  F-UE. 

E.  DISCUSSION 

Unfortunately,  the  pilot  comments, which  are  difficult  to  interpret, 
are  inconclusive  and  do  not  show  a  clear  variation  of  PIO  characteristics 
with  feel/trim  system  configuration.  The  influence  of  the  bobweights  on 
the  stick-free  short  period  damping  apparently  overrides  the  more  subtle 
effects  of  the  other  configuration  changes.  However,  the  bobweight  size 
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reduction,  in  going  from  S3  to  Sit,  has  not  resulted  in  consistently  more 
favorable  pilot  opinions. 

The  above  treatment  of  longitudinal  pilot  induced  oscillations  leaves 
out  one  very  important  parameter  that  influences  the  PIO  characteristics  of 
a  given  airplane,  and  that  is  the  pilot  restraint  system.  The  pilot  must  be 
firmly  restrained  in  his  seat  to  keep  his  body  from  moving  in  reaction  to  air¬ 
plane  motion  and  becoming  the  forcing  function  on  the  control  stick.  MCAIR 
pilots  who  have  had  the  opportunity  to  compare  both  Air  Force  and  Navy  F-h 
restraint  systems  have  commented  that  the  Navy  system  is  notoriously  bad, 
while  the  Air  Force  system,  initially  the  same  as  the  Navy,  has  been 
developed  over  the  years  to  be  very  satisfactory. 

The  operational  history  of  the  F-U  provides  a  clearer  indication  of 
PIO  susceptibility  than  the  pilot  comments  suggest.  In  the  operational  era 
of  control  systems  SI  and  S2,  the  F-fc  aircraft  was  extremely  PlO-prone. 

There  were  many  recorded  instances  of  PIO,  with  at  least  k  major  accidents 
resulting  from  PIO's.  In  the  approximately  three  million  flight  hours  since 
the  advent  of  control  systems  S3  and  S^,  there  has  not  been  a  single  recorded 
incident  of  PIO  in  spite  of  the  many  external  configuration  additions  which 
have  provided,  in  many  cases,  weaker  longitudinal  stability.  MCAIR  pilots 
in  general  feel  that  the  reduction  of  the  trim  gradients,  with  the  incorpor¬ 
ation  of  the  S3  system,  was  an  identifiable  and  very  significant  factor  in 
reducing  PIO  tendencies. 

In  summary,  this  qualitative  review  of  F-U  PIO  characteristics  has 
hopefully  added  to  the  overall  understanding  of  the  causes  and  cures  of 
PIO  problems,  and  has  served  to  emphasize  the  undesirability  of  this 

characteristic. 

Since  no  proven  definitive  criterion  forpreventing  PIO  is  available, 
this  specification  requirement  is  considered  adequate  as  written.  However, 
a  definitive  criterion  which  would  catch  any  PIO  problems  in  the  design  stage 

is  certainly  desirable. 

F,  RECOMMENDATIONS 

None. 
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Numerical 

Rating 


1 


2 

3 

4 

5 

€ 


Table  3  (3.2.2.B) 

Pilot  Opinion  Rating  System  for 
Pilot  Induced  Oscillation  Tendency 
Reference  N5,  F-4B 


i 

Adjective 

Rating  Comments 


None 


None  to 
possible 

Possible 

Possible  to 

probable 

Probable 

Highly 

probable 


No  tendency  for  pilot  to  induce 
undesirable  oscillation  -  no 
tendency  to  get  out  of  phase  with, 
or  to  lag  behind  aircraft  motion. 

Undesirable  motion  may  be  induced 
but  can  be  damped  by  pilot  effort. 

Undesirable  motion  easily  induced 
but  can  be  damped  by  pilot  effort. 

Oscillations  tend  to  diverge. 

Pilot  may  be  required  to  fix  stick. 

Oscillations  tend  to  diverge. 

Pilot  must  fix  stick  to  stop  motion. 

Distu  rbance  or  norma!  pilot  control 
may  cause  divergent  oscillation. 
Pilot  must  fix  stick  to  stop  motion. 


Indicated 
Mach  Number 


Table  II  (3.2.3) 

F-4B  With  S2  Feel/Trim  System  (Reference  N7) 
Stability  Augmentation  ON  and  OFF  Handling  Characteristics 
and  PIO  Tendency  Versus  Indicated  Mach  Number 


3. 2. 2. 3.1  Transient  Control  Forces 


A.  REQUIREMENT 

3. 2. 2. 3.1  Transient  Control  Forces  -  The  peak  elevator-control 
forces  developed  during  abrupt  maneuvers  shall  not  be  objectionably 
light,  and  the  buildup  of  control  force  during  the  maneuver  entry 
shall  lead  the  buildup  of  normal  acceleration.  Specifically,  the 
following  requirement  shall  be  met  when  the  elevator  control  is 
pumped  sinusoidally.  For  all  input  frequencies*  the  ratio  of  the  peak 
forces  amplitude  to  the  peak  n  amplitude,  measured  from  the  steady 
oscillation,  shall  be  greater  than: 

Center-Stick  Controllers  -  3.0  pounds  per  g 

Wheel  Controllers - - - 6.0  pounds  per  g 

B.  APPLICABLE  PARAMETERS 

Longitudinal  control  forces  in  abrupt  maneuvers;  frequency 
response  of  normal  load  factor  to  sinusoidal  control  inputs. 

C.  P-4  CHARACTERISTICS 

Figures  1  (3. 2. 2. 3.1)  and  2  (3. 2. 2. 3.1)  present  stick  force 
and  stick  position  per  g  amplitude  responses  at  various  flight  condi¬ 
tions,  with  the  longitudinal  stability  augmentation  system  engaged 
and  disengaged.  The  minimum  stick  force  gradient  is  about  2  lb/g. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Feel/Trim  System  S2 

o  "Dynamic  stick  force  gradients  decreased  50  to  75  percent 

from  static  values  in  this  region  as  shown  in  (Figure  1,  (3.2. 2. 3.1)) 
with  corresponding  stick  position  gradients  in  (Figure  2,  (3.2.2.3.1)). 
It  was  therefore  evident  that  the  dynamic  longitudinal  characteris¬ 
tics  of  the  aircraft  were  marginal  throughout  the  speed  range  in  cruise 
and  combat  configurations."  Reference  Al,  F-4c. 

If  a  "marginally  acceptable"  interpretation  is  placed  upon  the 

rather  ambiguous  comment,  a  rating  of  E6  would  be  appropriate. 

The  minimum  F  /n  is  about  2  lb/g. 
s 

Feel/Trim  System  S3 

o  Two  NATO  F-4j  evaluations.  References  Nl8  and  N21,  mentioned 

sudden  pull-up  characteristics  as  being  undesirable.  (See  3. 2 .2. 1.1 
for  comments).  The  test  method  Involved  measuring  the  stick  force 
and  corresponding  normal  load  factor  in  sudden  pull-ups  rather  than 
using  a  sinusoidal  input  as  required  by  the  specification.  The  minimum 
F  /n  recorded  was  4.5  lb/g,  versus  7*0  lb/g  in  a  steady  wind-up 

S f 
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turn  at  the  same  flight  condition,  and  warranted  a  Cooper  Rating  of 
^  in  Reference  Nl8.  The  sudden  pull-up  stick  force  gradients  reduc¬ 
tions  ranged  from  about  35#  to  15#  less  than  the  steady  values  in 
the  References  N18  and  N21  data. 

E.  DISCUSSION 

The  pilot  comments  in  Reference  A1  indicate  a  concern  more  with 

the  maximum  percentage  reduction  in  F  /n  than  the  absolute  minimum 

s 

value,  which  effectively  places  a  requirement  on  stick  free  short- 
period  damping  ratio  for  a  conventional  type  airframe.  From  all  the 
test  results,  the  damping  ratios  for  second  order  systems  with 
equivalent  Fs/n  f  (Fs/n)min  would  be  roughly  .1  <  5  <  .5.  The  concern 
with  relatively  small  reductions  in  stick  force  gradients  provides 
the  impression  that  no  stick  force  lightening  would  be  preferred, 
for  example,  for  Level  1  flying  qualities  for  a  Class  IV  aircraft 
in  the  CO  Flight  Phase.  This  implies  an  equivalent  £  >0.7. 

However,  the  data  are  not  conclusive  in  supporting  this  rather  string¬ 
ent  requirement.  It  also  seems  probable  that  the  comments  were 
influenced  by  the  requirement  of  the  then  applicable  specification, 

(Reference  Bl,  paragraph  3.3.10)  which  did  not  allow  a  drop  in  F  /n. 

s 

According  to  the  specification,  the  2  lb/g  minimum  measured  in 
Reference  A1  should  fall  outside  Level  3>  that  is,  control  would 
definitely  be  lost  during  required  operation  (see  Figure  1  (i)).  The 
fact  that  the  comment  represents  Level  2  flying  qualities  would 
suggest  that  the  figure  of  3  lb/g  is  high  for  a  flying  qualities 
floor".  In  the  validation  of  3 .2. 2. 2.1  it  is  recommended  that  the 
steady— state  F^/n  "floor"  be  lowered  to  2  lb/ g  and  it  seems  reasonable 
to  lower  the  minimum  dynamic  F Jn  to  about  the  same  value.  However, 
in  view  of  the  fact  that  the  contribution  of  this  characteristic 
to  the  PIO  tendencies  of  the  F-4  has  not  been  established,  an  addi¬ 
tional  general  statement  in  the  specification  is  more  in  order  than 
actually  specifying  a  lower  number. 
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P.  RECOMMENDATIONS 

It  is  recommended  that  a  sentence  to  the  effect  of  the  following 
he  added  to  the  Requirement.  "The  numerical  requirement  can  be 
relaxed  for  Class  IV  aircraft  in  the  CO  Flight  Phase  at  the  discretion 
of  the  procuring  activity.  This  relaxation  shall  not  cause  any  adverse 
effects  such  as  a  tendency  for  pilot-induced  oscillations." 


228 


M  a  1.15 
10,200  ft 


Stick  Position 
Gradient 
(deg  perg) 


Stick  Position 
Gradient 
(deg  per  g) 


Stick  Position 
Gradient 
(deg  per  g) 


Stick  Position 
Gradient 
(deg  per  g) 


2.0  - - - 1 - — - - - 

M  =  1.15 
10,200  ft 

0  - - - - - - - - 

'  4 


— 

M  =  1.11 
10,200 

3 

Ft 

=ZS 

0  0.2  0.4  0.6  0.8  1.0  1.2  1. 

Longitudinal  Input  Frequency  (cps) 


Figure  2(3.2.2.3.1) 
Transient  Control  Forces 
Position  Gradients 

Fool/Trim  System  S2,  Reference  A1,  F-4C 


3.2,3  Longitudinal  Control 


A.  REQUIREMENT 

3.2.3  Longitudinal  Control 

3.2. 3.1  Longitudinal  Control  in  Unaccelerated  Flight  -  In  erect 
unaccelerated  flight  at  all  service  altitudes,  the  attainment  of  all 
speeds  "between  Vg  and  shall  not  be  limited  by  the  effectiveness  of 
the  longitudinal  control,  or  controls. 

3. 2. 3. 2  Longitudinal  Control  in  Maneuvering  Flight  -  Within  the 
Operational  Flight  Envelope,  it  shall  be  possible  to  develop,  by  use  of 
the  elevator  control  alone ,  the  following  range  of  load  factors : 

Levels  1  and  2 - n  (-)  to  n  (+) 

oo  ~ 

Level  3 - n  =  0.5g  to  the  lower  of: 

a)  nQ(+) 

b)  n  s  2,0  for  no(  +  )  3g 

0.5  [n0(+)  +  l]  for  nD(+)  >  3g. 

This  maneuvering  capability  is  required  at  the  lg  trim  speed  and,  with 
trim  and  throttle  settings  not  changed  by  the  crew,  over  a  range  about  the 
trim  speed  the  lesser  of  il5  percent  or  i50  knots  equivalent  airspeed 
(except  where  limited  by  the  boundaries  of  the  Operational  Flight  Envelope) . 
Within  the  Service  and  Permissible  Flight  Envelopes ,  the  dive-recovery 
requirements  of  3. 2. 3.5  and  3. 2. 3. 6,  respectively,  shall  be  met. 

B.  APPLICABLE  PARAMETERS 

(1)  Longitudinal  control  effectiveness 

(2)  Longitudinal  control  forces  during  specific  maneuvers. 

C.  F-4  CHARACTERISTICS 

(1)  Longitudinal  control  effectiveness  of  the  F-4  does  not  restrict 
the  attainment  of  any  speed  between  Vs  and  Vmax  in  unaccelerated  flight 

at  any  service  altitude.  Attention  has,  therefore,  not  been  drawn  to  this 
parameter  and  neither  quantitative  nor  qualitative  data  are  available. 

(2)  The  F-4  maneuvering  capability  is  stabilator  deflection  limited 
above  35,000  feet  at  supersonic  speeds.  At  higher  altitudes  this  limitation 
does  restrict  maneuvering  to  less  than  the  limit  load  factor.  However,  such 
a  characteristic  iB  typical  of  most  high  performance  aircraft  due  to  the 
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increased  longitudinal  stability  at  supersonic  speeds;  as  higher  alti¬ 
tudes  are  approached,  6s/g  becomes  very  large  and  a  large  amount  of 
stabilator  deflection  is  required  to  achieve  a  small  increment  in  normal 
load  factor.  Large  increases  in  stabilator  range  would  be  required  to 
provide  a  significant  improvement  in  load  factor  capability  but  the  sta¬ 
bilator  deflection  range  available  is  frequently  governed  by  space  limi¬ 
tations.  The  only  other  solution  is  to  reduce  static  longitudinal  stabil¬ 
ity  supersonically. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

The  few  available  pilot  comments  from  early  Navy  evaluations  indicate 
satisfaction  with  the  subsonic  buffet  boundary  but  object  specifically  to 
the  limited  supersonic  maneuvering  capability: 

o  "...it  would  be  desirable  for  improved  service  use  if  the  maneuvering 
capabilities  of  the  airplane  were  increased  at  supersonic  airspeeds.  At 
50,000  feet  and  indicated  Mach  numbers  above  1.2,  the  maneuvering  capability 
of  the  airplane  is  limited  by  full  stabilator  deflection."  Reference  Nl, 
Fl»H-l. 

o  "The  high  altitude  supersonic  maneuvering  capability  of  the  airplane 
in  configuration  P  (MAT)  was  limited  by  full  stabilator  deflection  above  1.2 
1MN  at  altitudes  above  35»000  ft.  as  shown  xn  [Figure  1  (3.2.3)].  The  air¬ 
plane  does  not  meet  the  maximum  usable  lift  requirements  of  Reference  B1  at 
supersonic  airspeeds.  Correction  of  this  deficiency  is  desirable  for  improved 
service  use."  Reference  NU,  FUH-1. 

Reference  N8  evaluated  low  speed  longitudinal  control  effectiveness  of 
the  slotted  stabilator  on  the  P-4B: 

o  "Abrupt  full  LED  stabilator  was  applied  in  level  flight,  zero  g 
push-overs,  and  during  stall  recoveries  at  airspeeds  as  low  as  100  KIAS. 

In  all  cases  an  ANU  pitch  rate  was  obtainable,  and  no  indication  of  stabila¬ 
tor  stall  was  noted." 

The  following  comment  on  supersonic  maneuvering  was  obtained  from  an 
F-4J  evaluation  in  Reference  Nl8: 

o  "The  high  altitude,  supersonic  maneuvering  capabilities  of  the  F-4j  , 
were  extremely  limited  by  insufficient  stabilator  effectiveness.  Turns 
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utilizing  full  aft  stick  at  speeds  between  1.2M  and  2.0M  produced  only 
slightly  more  than  4g  at  gross  weights  near  the  combat  gross  weight  of 
40,442  lb.  with  CG  positions  of  27.0$  and  31.6$  MAC  (C4),  Although  the 
F-4J  airplane  met  the  maximum  usable  trimmed  normal  force  coefficient  (Cjj) 
requirements. .. .at  a  CG  position  of  27.0$  MAC,  as  shown  in  [Figure  2  (3.2.3)], 
the  inability  to  attain  limit  g  at  normal  service  gross  weights  and  CG  posi¬ 
tions  degrades  the  airplane's  maneuvering  capabilities  and  limits  mission 
effectiveness. .. .Correction  of  the  inadequate  stabilator  effectiveness  is 
desirable  for  improved  service  use."  Reference  Nl8,  F-4J. 

E.  DISCUSSION 

The  extent  to  which  this  requirement  determines  the  maneuvering  capa¬ 
bility  of  an  aircraft  is  almost  completely  dependent  on  the  definition  of 
the  Operational  Flight  Envelope.  If  the  Operational  Flight  Envelope  at 
supersonic  speeds  is  defined  by  the  supersonic  structural  limit  load  fac¬ 
tor  at  all  altitudes,  this  paragraph  could  impose  stringent  design  require¬ 
ments  on  stabilator  effectiveness/deflection  range  and/or  longitudinal 
stability.  If,  however,  the  Operational  Flight  Envelopes  are  defined  by 
the  maximum  trimmed  normal  force  capability  of  the  aircraft  at  supersonic 
speeds,  this  requirement  would  serve  no  purpose.  Since,  as  noted  in 
paragraph  3.1.7,  the  Operational  Flight  Envelopes  are  "established  with  the 
guidance  and  approval  of  the  procuring  activity,"  the  impact  of  this 
requirement  is  almost  entirely  up  to  the  procuring  activity. 

In  the  case  of  the  F-4,  the  criterion  for  establishing  the  Operational 
Flight  Envelope  at  supersonic  speeds  is  not  clear.  Reference  B6  defines 
the  maximum  trimmed  normal  force  requirements  but  the  corresponding  struc¬ 
tural  limit  load  factor  diagrams  do  not  reflect  any  limitations  due  to  the 
stabilator  limit  at  supersonic  speeds.  If  the  F-4  had  been  procured  under 
the  new  specification,  this  situation  could  have  caused  considerable  con¬ 
fusion  in  defining  the  Operational  Flight  Envelopes. 

In  any  event,  the  pilot  comments  tend  to  verify  the  need  for  this 
requirement.  The  nature  of  the  data  is  such  that  a  strict  validation  can¬ 
not  be  made;  however,  the  requirement  seems  reasonable  as  written. 

F.  RECOMMENDATIONS 

None. 
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Figure  2  (3,2.3) 

Maxlmun  Usable  Lift  end  Buffet  Onset 
Normal  Force  Coefficient 
Reference  N18,  F-4J 


3,2. 3. 3  Longitudinal  Control  in  Takeoff 
A.  REQUIREMENT 

,  o  ,  Longitudinal  Control  in  Takeoff  -  The  effectiveness 
of  the 'elevator  control  shall  not  restrict  the  takeoff  Performance 
o?  £  airplane  and  shall. be  sufficient  ‘^“^sSaU 

undesirabie  attitudes  during  tak  coritroi  during  takeoff  or 

not  be  dependent  ui^-1  use  ox  une  ^  nnsp-wheel 

on  complicated  control  manipulation  by  the  p  • 
airplanes  it  shall  be  possible  to  obtain,  at  °.9 J  i  ,  the  pitcn 

attitude  which  will  result  in  takeoff  at  Vmin* ..  .  attitude  up  to 
n  „  ,•+  eb«n  bn  nossible  to  maintain  any  pitch  attitude  up  no 

S  ^r&^all 

these  requirements  shall  be  met  on  such  fields. 


B.  APPLICABLE  PARAMETERS 

Stick  motions  in  takeoff.  Pitch  attitude  obtainable  at  0.9 

V  .  in  configuration  TO. 
min 

C.  p-U  CHARACTERISTICS 

The  nosewheel  lift-off  characteristics  of  the  F-4  series  of 
aircraft  are  presented  in  Figure  1  through  3(3.S-3-3)  as  a  function 
of  gross  weight  and  c.g. ;  also  indicated  are  the  corresponding 
normal  takeoff  speeds.  In  general,  thrust  setting  (MRT  or  MAT) 
and/or  trailing  edge  flap  setting  (full  or  half)  do  not  have  a 
significant  effect  on  nosevheel  liftoff  speeds.  The  primary  factors 
which  determine  nosewheel  liftoff  speed  are  gross  weight,  c.g.,  and 
the  stahilator  configuration  (slotted  or  unslotted  leading  edge). 

The  F-W,  Figure  1  (3.2. 3. 3)  with  basic  stahilator  has  the  highest 
nosewheel  liftoff  speeds;  the  F-4J  with  the  slotted  stahilator  and 
drooped  ailerons  has  slightly  lower  (7  to  8  knots)  nosewheel  liftoff 
speeds;  and  the  F-4E  with  the  slotted  stahilator  hut  without  aileron 
droop  has  the  lowest  nosewheel  liftoff  speeds  (9  to  10  knots  below 

F-UJ).  . 

As  shown  in  Figure  l(3.2.2.3)  the  F-4B  can  obtain  nosewheel 

liftoff  prior  to  normal  takeoff  speed  for  c.g.’s  aft  of  approximately 
31*  MAC.  The  F-UJ,  figure  2C3.2.2.3)  demonstrates  improved  charac¬ 
teristics  in  that  nosewheel  liftoff  can  he  obtained  prior  to  normal 
takeoff  speed  for  c.g.'s  forward  to  29?  MAC.  The  F-4E,  figure 
3(3.2.2.31  demonstrates  the  best  characteristics  with  nosewheel 
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liftoff  attainable  prior  to  normal  takeoff  for  c.g.'s  forward  to 
27$  MAC;  this  improvement  is  somewhat  offset  by  the  basic  more  for¬ 
ward  c.g.  (2  to  3$  MAC)  of  the  F-Ue. 

Figure  M3.2.2.3)  shows  the  relationship  between  nosewheel 
liftoff  Bpeeds,  normal  takeoff  speeds,  estimated  V  ^n,  and  0.9 

V  .  for  MAT  for  the  F-liJ.  V  .  for  the  F-4  is  determined  by 
min  min 

maximum  tail  down  attitude, 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
o  "The  average  nosewheel  lift-off  speed  attained  at  the  average 
c.g,  loading  (31.9$  MAC)  was  137  Kt  CAS  (112$  . . .the  require¬ 

ments  (105$  Vg„  )  of  Paragraph  3. 3. 1.1  of  (Reference  Bl)  are  not 
met.  This  limited  control  effectiveness  did  not  appreciably  reduce 
take-off  performance  during  normal  field  take-offs  since  airplane 
rotation  could  be  obtained  at  recommended  take-off  airspeeds." 
Reference  N4 ,  F-HH-1. 

o  "...it  was  possible  to  over-rotate  the  airplane,  takeoff  in 

a  near  stalled  condition,  and  in  some  cases  drag  the  stabilator  on 
the  runway. . .Flight  Manual ...  should  be  changed  to  read  "At  30  knots 
prior  to  predicted  lift-off  speed  the  stick  should  be  pulled  smoothly 
aft,  initiating  rotation,  to  arrive  at  a  10-12  degree  pitch  attitude 
coincident  with  lift-off  speed."  (The  previous  Flight  Manual 
recommendation  was  to  hold  full  aft  stick.)  Reference  A2,  F-^t-C 
o  Reference  N8  compared  F-4B  models  with  drooped  and  undrooped 

ailerons.  At  U2,500  lb,  and  a  c.g.  position  of  32.6$  MAC,  the  drooped 
ailerons  increased  lift-off  airspeed  from  129  to  131*  KCAS ,  this  being 
due  to  the  increased  nose  down  pitching  moment  with  drooped  ailerons. 

"...full  aft  longitudinal  control  was  not  required  to  attain 
a  flying  attitude.  Takeoffs  (with  undrooped  ailerons)  with  flaps 
up  and  full  aft  longitudinal  control  maintained  throughout  the  take¬ 
off  resulted  in  rapid  nose-up  rotation  and  lift-off  prior  to  attain¬ 
ing  operational  flying  speed.  Rapid  forward  stick  displacement 
required  to  counter  the  nose-up  rotation  resulted  in  scraping  the 
stabilator  tips  on  several  occasions." 

"The  requirements  of  the  detail  specification  (nose  wheel  lift¬ 
off  at  105$  Vgm  ).«.are  not  met  (107$  Vs_  in  drooped  aileron  config- 
io  •Lo 

uration)  but  are  satisfactory."  Reference  N8,  F-4b. 
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o  Reference  N21  related  the  c.g.  position  takeoff  character¬ 

istics;  "At  the  aft  c.g,  limits... the  rotation  after  lift-off  was 
rapid  but  controllable .with  normal  pilot  effort  (C3).  Beyond  approx¬ 
imately  1 %  MAC  aft  of  these  limits,  the  extremely  rapid  pitch  attitude 
increase  on  lift-off  required  concerted  pilot  effort  to  prevent 
excessive  over-rotation  (C7.5)«..On  two  occasions,  at  c.g.  positions 
aft  of  the  recommended  limits,  the  stabilator  scraped  the  runway 
when  -the  stick  was  moved  rapidly  forward  to  stop  an  over-rotation." 
Reference  N21,  F-Uj. 

E.  DISCUSSION 

The  available  comments  and  data  indicate  that  the  qualitative 
requirements  are  a  necessary  part  of  the  Specification.  The  require¬ 
ment  to  be  able  to  rotate  the  aircraft  to  takeoff  attitude  at 

0.9  V_.  is  not  supported  by  the  comments.  The  comments  of  Refer- 
mxn 

ences  N^  and  A2  indicate  that  the  ability  to  safely  attain  takeoff 

attitude  at  takeoff  speed  is  the  prime  consideration.  In  addition, 

the  desirability  of  attaining  Vm^n  take-off  attitude  £tt  .9 

is  questionable.  If  Vm^n  is  determined  by  the  maximum  tail  down 

attitude,  paragraph  3. 1.8. 2. e  of  the  specification,  the  ability  to 

attain  this  attitude  at  .9  V„.  would  increase  the  probability  of 

min  c 

premature  lift-offs  at  V  .  .  This  certainly  would  not  be  a  desirable 

mm 

situation.  Furthermore,  for  aircraft  with  large  variations  in 
take-off  c.g.,  the  requirement  to  obtain  this  attitude  at  the  most 
forward  c.g.  could  result  in  serious  over  control/rotation  character¬ 
istics  at  the  more  aft  c.g.'s.  The  qualitative  requirements  of 
3. 2. 3. 3  are  therefore  considered  the  most  desirable  and  adequate 
means  of  ensuring  satisfactory  characteristics. 

F.  RECOMMENDATIONS 

Delete  the  sentence  of  the  Requirement  presently  reading  "For 
nose-wheel  airplanes  it  shall  be  possible  to  obtain,  at  0.9 
the  pitch  attitude  which  will  result  in  takeoff  at  V .  . " 
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Gross  Weight 
( x  IQ"3  lb) 


Nosewheel  Liftoff  Airspeed  (KCAS) 


Figure  4  13.2.3.3) 

F4-J  Nosewhee!  Liftoff  Speeds 
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3. 2. 3. 3.1  Longitudinal  Control  in  Catapult  Takeoff 

A.  REQUIREMENT 

3. 2. 3. 3.1  Longitudinal  Control  in  Catapult  Takeoff  -  On  airplanes 
designed  for  catapult  takeoff,  the  effectiveness  of  the  elevator  control 
shall  be  sufficient  to  prevent  the  airplane  from  pitching  up  or  down  to 
undesirable  attitudes  in  catapult  takeoffs  at  speeds  ranging  from  the 
minimum  safe  launching  speed  to  a  launching  speed  30  knots  higher  than  the 
minimum.  Satisfactory  catapult  takeoffs  shall  not  depend  upon  complicated 
control  manipulation  by  the  pilot. 

B.  APPLICABLE  PARAMETERS 

Controllability  in  catapult  launches . 

C.  F-4  CHARACTERISTICS 

As  for  field  takeoffs  (3. 2. 3. 3  and  3. 2. 3. 3. 2),  the  recommended  stick 
programming  technique  for  F-4  catapult  launch  has  been  the  subject  of  some 
criticism  and  recommendations.  The  original  positioning  technique  (full 
aft  stick  during  launch  and  smooth  forward  movement  followed  by  aft  move¬ 
ment  after  launch)  is  required  to  obtain  the  proper  aircraft  rotation  to 
reduce  sink  off  the  bow  and,  at  the  same  time,  prevent  over-rotation  during 
post  launch.  The  required  stick  positioning  is  hampered  by  a  lack  of  stick 
centering  at  low  speeds  due  to  the  low  forces  generated  by  the  bellows  at 
launch  speeds , 

A  "stick  fixed"  technique  was  evaluated  on  an  F-itK  which  was  equipped 
with  a  removable  strap  which  held  the  stick  at  a  fixed  position  during  and 
immediately  after  launch.  This  technique  resulted  in  improved  rotation  and 
flyaway  characteristics. 

Subsequent  evaluations  of  the  F-4J  indicated  that  less  than  full  aft 
stick  during  the  launch  was  required  to  prevent  over-rotation  at  aft  centers 
of  gravity.  However,  less  than  full  aft  stick  was  difficult  to  maintain  due 
to  lack  of  stick  centering  and  the  effect  of  longitudinal  acceleration  on  the 
pilot's  arm  and  the  longitudinal  control  system. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

o  "The  catapult  launch  handling  characteristics  with  the  [S3  Feel/Trim 
System]  configuration  were  satisfactory  (C3) .  Catapult  launches  in  the  F-4 
airplane  require  a  stick  programming  technique. .  .based  on  stick  position... 
Proper  longitudinal  positioning  of  the  control  stick  prior  to  launch  is 
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mandatory  in  order  to  impart  the  proper  rotation  rate  to  the  airplane  to 
reduce  sink  off  the  bow  and/or  prevent  over-rotation.  It  is  recommended 
that  a  cockpit  stahilator  position  indicator  be  incorporated. . .to  provide 
the  pilot  with  accurate  control  stick  positioning  information  prior  to 
catapult  launch."  Reference  Nil,  F-4B. 

E.  DISCUSSION 

The  available  pilot  comments  validate  the  qualitative  requirements  of 
3.2, 3.3.1;  however,  no  data  relevant  to  the  required  speed  range  are 
available.  In  addition,  pilot  comments  Indicate  that  a  stick  fixed  launch 
technique  would  be  preferable.  Such  a  technique  requires  that  the  feel/ 
trim  system  or  other  device  be  capable  of  holding  the  stick  in  the  desired 
position  and  that  a  stahilator  position  indicator  or  other  means  be  provided 
to  permit  accurate  positioning  of  stick  for  various  combinations  of  aircraft 
gross  weight  and  center  of  gravity. 

F.  RECOMMENDATIONS 

None. 
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3.2. 3. 3.2  Longitudinal  Control  Force  and  Travel  In  Takeoff 

A.  REQUIREMENT 

3.2. 3. 3. 2  Longitudinal  Control  Force  and  Travel  in  Takeoff  -  With  the 
trim  setting  optional  but  fixed,  the  elevator-control  forces  required  during 
all  types  of  takeoffs  for  which  the  airplane  is  designed,  including  short- 
field  takeoffs  and  assisted  takeoffs  such  as  catapult  or  rocket-augmented „ 
shall  be  within  the  following  limits: 

Nose-wheel  and  bicycle-gear  airplanes 


Classes  I,  IV-C  - 20  pounds  pull  to  10  pounds  push 

Classes  II-C,  IV-L  — — —  30  pounds  pull  to  10  pounds  push 

Classes  II-L,  III  — - - 50  pounds  pull  to  20  pounds  push 

Tail-wheel  airplanes 

Classes  I,  II-C,  IV - 20  pounds  push  to  10  pounds  pull 

Classes  II-L,  III - —  35  pounds  push  to  15  pounds  pull 


The  elevator-control  travel  during  these  takeoffs  shall  not  exceed  75  per¬ 
cent  of  the  total  travel,  stop-to-stop .  For  purposes  of  this  requirement, 
the  term  takeoff  includes  the  ground  run,  rotation  and  lift-off,  the  ensu¬ 
ing  acceleration  to  Vmax  (TO),  and  the  transient  caused  by  assist  cessation. 
Takeoff  power  shall  be  maintained  until  Vmax  (TO)  is  reached,  with  the  land¬ 
ing  gear  and  high-lift  devices  retracted  in  the  normal  manner  at  speeds  from 

V%in  (T0>  to  Vms*  (T0>- 

B.  APPLICABLE  PARAMETERS 

Stick  forces  and  travel  in  field  and  catapult  takeoff. 

C.  F-4  CHARACTERISTICS 

As  described  in  Section  II,  F-4  stick  forces  are  generated  artificially 
by  the  various  types  of  feel/trim  systems.  Forces  are  a  function  of  air¬ 
speed,  stick  deflection,  trim  position  and  the  feel/trim  system  fitted. 

Only  one  evaluation  measured  stick  force  in  takeoff  (Reference  Nl).  Calcu¬ 
lated  force  variations  for  feel/trim  system  S3  appear  in  Figure  1  (3. 2.;,. 3. 2) 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS  ‘ 

Feel/Trim  System  SI 

o  "Poor  control  force  harmcry  during  takeoff  results  from  the  high 

(approximately  15  lb.)  forces  required  to  pull  the  airplane  off  the  runway 
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thereby  giving  the  airplane  an  apparent  lateral  sensitivity.”  Reference  HI, 
F4H-1. 

Feel/Trim  System  S2 

o  "Longitudinal  control  forces  during  takeoff  and  ensuing  accelera¬ 

tion  in  configurations  TO  [undrooped  ailerons]  and  TC  [drooped  ailerons] 
were  within  the  limits  of  Paragraph  3»3.13  of  Reference  Bl.”  The  numerical 
requirements  of  Reference  Bl  are  the  same  as  the  present  specification. 
Reference  N8,  F-4b. 

o  Reference  Nil,  comparing  various  feel/trim  system,  configurations, 

stated  "...changes  in  control  system  characteristics  and  control  force 
gradients  appeared  to  the  pilot  as  a  change  in  longitudinal  sensitivity 
particularly  during  takeoffs..." 

"...field  takeoffs. . .were  characterized  by  light  control  forces  after 
airplane  lift-off .. .Control  forces  following  takeoff  were  extremely  light 
..  .(C3) .. .Pilots  with  experience  in  the  [S2]  configuration  F-4  airplane 
were  able  to  readily  adapt  to  the  lighter  forces  characteristics  of  the 
[S3]  configuration. ..The  [S3]  configuration  provided  the  minimum  satisfac- 

<5‘  ' 

tory  level  of  control  force  cues  for  airplane  attitude  control."  No  force 
magnitudes  are  presented.  Reference  Nil,  F-4B, 

o  "Field  takeoffs  utilizing  the  NATOPS  recommended  half- flap  setting 

require  full  aft  stick  to  attain  minimum  ground  run  takeoff  distance, ..use 
of  full  aft  stick  precipitates  unsatisfactory  takeoff  characteristics..." 
Reference  Nl8,  F-4j. 

Feel/Trim  System  S4 

o  "At  100  KCAS,  aft  movement  of  the  stick  was  started  so  that  full 

aft  stick  was  reached  at  approximately  30  knots  below  liftoff  speed.  With 
two  units  of  nosedown  longitudinal  trim,  the  aft  stick  force  required  for 
full  aft  stick  position  was  very  light .. .During  lift-off,  only  a  light  pull 
force  was  required. . .Because  of  the  light  stick  force  required  for  rotation 
to  takeoff  attitude,  it  was  necessary  to  exercise  caution  to  prevent  over¬ 
rotation..  . " 

"Four  units  of  nose  down  trim  gave  a  more  comfortable  feel  for  takeoff, 
and  considerably  reduced  the  danger  of  over-rotation. . .Three  and  one-half 
units  of  nose  down  trim  should  be  used  for  takeoff,"  Reference  A4,  F/RF-4C. 
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"Field  takeoffs .. .were  characterized  by  light  control  forces  after 
airplane  lift-off. . .Control  forces  following  takeoff  were  extremely  light 
..  .(CJj.5) . .  .The  low  system  friction  and  weak  stick  centering  of  the  [S4] 
configuration  resulted  in  the  pilot  "hunting"  for  stick  force  cues  to  con¬ 
trol  position  during  and  immediately  following  airplane  lift-off.  This  is 
a  potential  overcontrol  condition  and  could  be  catastrophic  during  a  take¬ 
off  with  no  visual  reference."  Reference  Nil,  F/RF-liB. 
o  "...full  aft  stick  prior  to  nosewheel  rotation  [sic]  was  used  for 

all  tests. . .Rotation  was  rapid  upon  reaching  nosewheel  lift-off  speed,  and 
the  stick  had  to  be  moved  forward  to  avoid  over-rotation  and  stabilator 
contact  with  the  runway.. .Normal  takeoff  trim  settings  were  satisfactory 
for  all  allowable  asymmetric  and  drag  configurations."  Reference  A7»  F-4E, 

E.  DISCUSSION 

The  concern  with  high  stick  forces  in  Reference  N1  does  not  support 
the  specification  limit,  the  latter  being  about  twice  the  tested  force. 

The  comment,  however,  states  explicitly  that  the  pilots'  impression  of 
longitudinal  force  levels  is  influenced  by  poor  longitudinal/lateral  con¬ 
trol  force  harmony.  In  addition,  np  complaints  were  made  during  subsequent 
NPE  and  BIS  trials.  This  suggests  that  the  original  complaint  may  have 
been  due,  primarily,  to  the  pilot  being  unaccustomed  to  extreme  aft  stick 
position  required  to  rotate  the  airplane  to  takeoff  attitude. 

The  complaints  of  light  stick  forces  draw  attention  to  the  fact  that 
there  is  no  lower  limit  on  forces  in  the  Requirement.  Reference  Nil  refers 
to  a  minimum  satisfactory  level  of  forces,  unfortunately  without  quoting  a 
numerical  value.  Figure  1  (3. 2. 3. 3. 2)  presents  calculated  force  variations 
with  velocity  representative  of  the  feel/trim  system  evaluation  of 
Reference  Nil.  The  force  variation  with  speed  is  due  to  pressurization  of 
the  bellows  as  velocity  increases,  the  stick  forces  at  low  velocities  being 
due  to  the  bobweight  (nominally  5  lb/g) .  The  calculated  pull  force  at  nose 
wheel  liftoff  is  6.5  lb.  with  full  aft  stick.  However,  the  comments  suggest 
that  a  smaller  stick  input  would  be  used  in  order  to  prevent  over-control. 
This  means  that  in  all  probability  the  stick  forces  during  takeoff  are 
around  5  lbs.  pull.  Intuition  leads  one  to  suspect  that  the  lack  of  force 


buildup  during  takeoff  may  influence  the  pilots'  impressions;  for  instance, 
if  the  stick  pull  force  at  low  speeds  were  2  or  3  lb,  the  pilot  would  prefer 
5  lb  or  so  around  liftoff.  However,  this  suspicion  is  not  directly  supported 
by  the  comments  which  refer  specifically  to  absolute  force  levels  only. 
Certainly  the  minimum  force  level  should  be  a  function  of  aircraft  Class, 
higher  sensitivity  being  acceptable  for  an  aircraft  which  is  inherently 
more  maneuverable.  Also,  it  would  seem  reasonable  to  specify  a  minimum 
force-to-maneuver  at  rotation  and  lift-off,  because  stick  pull  forces  will 
subsequently  decrease  and  possibly  become  push  forces  as  the  aircraft 
accelerates,  this  being  true  for  aircraft  with  any  type  of  "q"  feel, 
artificial  or  not. 

In  summary,  the  definite  nature  of  the  comment  in  Reference  Nil,  and 
the  calculated  stick  force  value  are  together  thought  to  be  sufficient  to 
add  a  minimum  force  figure  to  the  Requirement, 

F.  RECOMMENDATIONS 

Add  the  following  to  the  end  of  the  Requirement: 

"The  stick  forces  required  for  the  takeoffs  defined  above  shall  not  be 
objectionably  light.  For  Class  IV  aircraft  the  stick  force  required  for 
rotation  and  liftoff  shall  be  from  5  lb  to  20  lb  pull," 
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GW  44.051  lb,  CG  @  31%C 

Trim  Position  Constant  at  2  Units  Nose  Down 

Bobweiqht  Stick  Forces  Due  to  Liftoff  Dynamics  Neglected 


Flight  Phase  TO  (Half  Flap.  MAT) 


3.2.3.1*  Longitudinal  Control  in  Landing 


A.  REQUIREMENT 

3. 2. 3.1+  Longitudinal  Control  in  Landing  -  The  elevator  control  shall 
be  sufficiently  effective  in  the  landing  Flight  Phase  in  close  proximity 
to  the  ground,  that: 

(a)  The  geometry-limited  touchdown  attitude  can  be  maintained  in  the 
level  flight,  or 

(b)  The  lower  of  Vs  (L)  or  the  guaranteed  landing  speed  can  be 
obtained. 

This  requirement  shall  be  met  with  the  airplane  trimmed  for  the  approach 
Flight  Phase  at  the  recommended  approach  speed.  The  requirements  of 
3. 2. 3,1+  and  3.2.3.1+.1  define  Levels  I  and  2.  For  Level  3,  it  shall  be 
possible  to  execute  safe  approaches  and  landings  in  the  presence  of  atmos¬ 
pheric  disturbances . 

3.2.3.1+.1  Longitudinal  Control  Forces  in  Landing  -  The  elevator- 
control  forces  r  quire d  to  meet  the  requirements  of  3. 2. 3.1+  shall  be  pull 
forces  and  shall  not  exceed: 


Classes  I,  II-C,  IV - 35  pounds 

Classes  II-L,  III  -  50  pounds. 


B.  APPLICABLE  PARAMETERS 

Attitude  and  minimum  speeds  attainable  in  close  proximity  to  the 
ground. 

C .  F-4  CHARACTERISTICS 

The  series  of  aircraft  does  experience  a  reduction  in  stabilator 
effectiveness  as  the  aircraft  enters  the  ground  effect.  As  a  result,  full 
or  almost  full  aft  stick  is  frequently  required  at  touchdown  with  C.G.'s 
at  or  near  the  forward  limit  and  following  touchdown,  longitudinal  control 
is  insufficient  to  maintain  touchdown  attitude. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

o  "...Full  aft  stick  was  applied  during  all  landings  below  122  Kt. 

IAS  immediately  prior  to  touchdown.  The  desired  touchdown  attitude  was 
maintained  during  these  landings  provided  a  nosedown  pitch  rate  was  not 
encountered. . .marginally  acceptable  for  attitude  control  during  normal  and 
mirror  landings."  This  comment  referred  to  the  production  F-1+  stabilator 
which  possesses  21°  Leading  Edge  Down  authority.  The  same  report  evaluated 
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a  stabilator  with  25°  LED  authority:  "the  only  advantage  of  the  25°  stabi- 
lator  in  ground  effect  was  to  reduce  landing  hold— off  airspeeds  by  2  Kt." 
Reference  N2,  F4H-1. 

°  "The  excellent  approach  characteristics  of  the  aircraft  were  some¬ 

what  compromised  by  a  slight  decrease  of  stabilator  effectiveness  in  ground 
effect  requiring  full  aft  stick  with  the  c.g.  at  or  near  the  forward  limit." 
[E3]  Reference  Al,  F-4c. 

...full  aft  longitudinal  control  at  touchdown.  Touchdown  airspeed 
in  configuration  L,  undrooped  ailerons  was  ...117$  Vs  (L )  and  in  configura¬ 
tion  L,  drooped  ailerons  was  ...111$  Vs  (l)... 

With  the  ailerons  drooped  an  increased  nosedovn  pitching  moment  was 
present  which  appeared  as  a  decrease  in  longitudinal  control.  This  was 
evidenced  by  a  decrease  in  ANU  pitch  rate  obtainable  for  a  given  aft  longi¬ 
tudinal  control  input ;  however,  it  was  not  objectionable."  [E3],  Reference 
N8,  F-iiB. 

o  "...airplane  touched  down  with... the  longitudinal  control  stick  full 

aft... the  average  touchdown  speed  was  110$  of  the  extrapolated  stall  speed 
for  the  same  configuration. . .Correction  of  this  deficiency  is  desirable  for 
improved  service  use."  [E4],  Reference  N13,  F-4m. 

o  Configuration  L  stall  speed  could  not  be  attained  in  ground  effect 

during  landing  hold— off  tests .  Configuration  L  touchdown  airspeeds  with  full 
aft  stick  exceed  the  requirements  of  Reference  B1  by  an  average  of  19.5  Kt 
(16.3$)  with  full  flaps  and  11  Kt  (8.8$)  with  half  flaps  with  C.G.  positions 
of  29$  to  31$  MAC.  . . .correction ...  desirable  for  improved  service  use." 
[E4],  Reference  Nl8,  F-4j. 

E.  DISCUSSION 

The  available  data  unfortunately  do  not  point  to  some  suggested  minimum 
maneuvering  capability,  which  is  the  underlying  requirement  of  this  para¬ 
graph  . 

The  requirement  to  have  sufficient  control  effectiveness  to  obtain 
touchdown  attitude  or  the  guaranteed  landing  speed  is  reasonable.  However, 
even  at  speeds  as  high  as  117$  Vo  (L),  pilots  did  not  find  the  lack  of  fur- 
ther  aft  control  capability  unacceptable .  It  is  not  clear  whether  the 

stall  speeds  quoted  in  the  evaluations  are  in  or  out  of  ground  effect.  It 
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is  clear,  however,  that  Level  2  flying  qualities  were  assigned  to  the  F-4 
although  the  requirement  to  retain  some  control  effectiveness  at  (L) 
was  not  met.  This  requirement  is  therefore  not  considered  reasonable 
based  on  F-4  experience.  However,  recommendation  of  a  higher  velocity 
based  on  V  (L)  is  not  considered  worthwhile.  The  requirement  to  obtain 

5 

the  guaranteed  landing  speed  or  to  maintain  touchdown  attitude  in  level 
flight  is,  therefore,  all  that  F-4  experience  justifies  retaining.  Ho 
quantitative  data  or  qualitative  comments  on  longitudinal  control  forces 
during  ^ending  are  available.  However,  the  requirement  is  considered 
reasonable  as  written. 

F.  RECOMMEHDATI ONS 

3. 2. 3. 4 

Change  paragraph  3.2.3.4.b  as  follows: 

(b)  the  guaranteed  landing  speed  can  be  obtained  for  nosewheel  and 
bicycle-gear  airplanes  or  the  lower  of  Vg  (L)  or  the  guaranteed 
landing  speed  can  be  obtained  for  tail-wheel  airplanes. 

3. 2. 3. 4.1 

None. 
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3.2.3. 5  Longitudinal  Control  Forces  In  Dives  -  Service  Flight  Envelope 

3.2. 3.6  Longitudinal  Control  Forces  in  Dives  -  Permissible  Flight 
Envelope 

A.  REQUIREMENT 

3.2.3. 5  Longitudinal  Control  Forces  in  Dives  -  Service  Flight  Envelope  - 
With  the  airplane  trimmed  fpr  level  flight  at  speeds  within  the  Service 
Plight  Envelope,  the  elevator  control  forces  in  dives  to  all  attainable 
speeds  within  the  Service  Flight  Envelope  shall  not  exceed  50  pounds  push  or 
10  pounds  pull  for  airplanes  with  center-stick  controllers,  nor  75  pounds 
pu3h  or  15  pounds  pull  for  airplanes  with  wheel  controllers.  In  similar 
dives,  but  with  trim  optional  following  the  dive  entry,  it  shall  be  possible 
with  normal  piloting  techniques  to  maintain  the  forces  within  the  limits  of 

10  pounds  push  or  pull  for  airplanes  with  center-stick  controllers,  and  20 
pounds  push  or  pull  for  airplanes  with  wheel  controllers.  The  forces 
required  for  recovery  from  these  dives  shall  be  in  accordance  with  the  gra¬ 
dients  specified  in  3. 2. 2. 2.1  although  speed  may  vary  during  the  pullout. 

3.2. 3.6  Longitudinal  Control  Forces  in  Dives  -  Permissible  Flight 
Envelope  -  With  the  airplane  trimmed  for  level  flight  at  Vmat  but  with 
trim  optional  in  the  dive,  it  shall  be  possible  to  maintain  the  elevator 
control  force  within  the  limits  of  50  pounds  push  or  35  pounds  pull  in 
dives  to  all  attainable  speeds  within  the  Permissible  Flight  Envelope.  The 
force  required  for  recovery  from  these  dives  shall  not  exceed  120  pounds. 

Trim  and  deceleration  devices,  etc.,  may  be  used  to  assist  in  recovery  if 
no  unusual  pilot  technique  is  required. 

B.  APPLICABLE  PARAMETERS 

Longitudinal  control  forces  in  dives. 

C.  F-J»  CHARACTERISTICS 

Ko  F-L  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

None. 

E.  DISCUSSION 

None. 

F.  RECOMMENDATION 

None. 
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3. 2. 3. 7  Longitudinal  Control  in  Sideslips 

A.  REQUIREMENT 

3.2. 3. 7  Longitudinal  Control  in  Sideslips  -  With  the  airplane  trimmed 
for  straight,  level  flight  with  zero  sideslip,  the  elevator-control  force 
required  to  maintain  constant  speed  in  steady  sideslips  with  up  to  50  pounds 
of  rudder  pedal  force  in  either  direction  shall  not  exceed  the  elevator- 
control  force  that  would  result  in  a  lg  change  in  normal  acceleration.  In 
no  case,  however,  shall  the  elevator-control  force  exceed: 

Center-stick  controllers  -  10  pounds  pull  to  3  pounds  push 

Wheel  controllers - 15  pounds  pull  to  10  pounds  push 

If  a  variation  of  elevator-control  force  with  sideslip  does  exist,  it  is 
preferred  that  increasing  pull  force  accompany  increasing  sideslip,  and 
that  the  magnitude  and  direction  of  the  force  change  be  similar  for  right 

and  left  sideslips.  These  requirements  define  Levels  1  and.  2,  For  Level 

3,  there  shall  be  no  uncontrollable  pitching  motions  associated  with  the 
sideslips  discussed  above. 

B.  APPLICABLE  PARAMETERS 

Variation  of  longitudinal-control  force  with  sideslip. 

C .  F-4  CHARACTERISTICS 

Air  Force  evaluations  of  the  F/RF-4C  and  F-4E  have  provided  data  on 
the  variation  of  longitudinal  stick  force  with  sideslip  angle.  These 
evaluations  cover  a  wide  range  of  external  store  loadings  in  PA,  CR  and 
CO  flight  phases. 

The  data  is  presented  in  tabular  form  in  terms  of: 

(1)  The  sideslip  angle  which  50  pounds  of  rudder  pedal  force  would 

generate. 

(2)  The  longitudinal  stick  force  required  to  maintain  straight  and 
level  flight  at  the  sideslip  angle  of  (l)  above. 

(3)  Also  presented  (when  available)  is  the  longitudinal  control  force 
that  would  result  in  a  lg  change  in  normal  load  factor. 

The  following  tabulations  are  presented: 

Table  I  (3. 2. 3. 7)  -  Flight  PA 

Table  II  (3. 2. 3. 7)  -  Flight  Phase  CR 

Table  III  (3. 2. 3. 7)  -  Flight  Phase  CO 

For  nearly  all  trim  conditions  an  increasing  pull  force  accompanied 


increasing  sideslip  and  the  magnitude  and  direction  of  the  force  change  was 
similar  for  both  right  and  left  sideslips. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

There  are  no  comments  associated  with  the  quantitative  data  presented 
in  Tables  I  through  III  (3.2. 3.7)  which  refer  specifically  to  the  variation 
of  longitudinal  control  force  with  sideslip. 

E.  DISCUSSION 

The  l&ck  of  pilot  comments  indicates  no  specific  objection  to  the 
variation  of  longitudinal  control  force  with  sideslip.  This  silence  is 
interpreted  as  an  assignment  of  Level  1  flying  qualities  to  this  parameter. 

The  highest  longitudinal  control  force,  at  the  sideslip  angle  produced 
with  50  pounds  of  rudder  pedal  force,  is  6  pounds  pull.  Except  for  this 
and  another  value  at  5  pounds ,  the  remaining  pull  forces  never  exceed  ^ 
pounds,  with  the  average  being  2  pounds.  None  of  these  exceed  the  stick 
force  required  to  achieve  a  lg  change  in  normal  load  factor. 

The  Level  1  and  2  lower  boundary  cannot  be  evaluated  from  the  F-1+  data. 
However,  the  assumption  that  all  data  presented  is  Level  1  puts  the  Level  1 
boundary  at  least  at  6  pounds  pull.  This  makes  the  presently  specified 
center-stick  upper  boundary  of  10  pounds  pull  reasonable  as  a  Level  1  and  2 
boundary.  Therefore,  the  allowable  longitudinal  control  force  limits  are 
considered  reasonable  as  written. 

F.  RECOMMENDATION 

None. 
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Table  I  (3.2.3.7) 

Longitudinal  Control  in  Sideslips 
Flight  Phase  PA 


Reference 

/Figures 

Vc/Altitude 

Loading 

CG 

j3@ 

50lbFRP 

Fs@ 

50  lbFRp 

AFS  for 

An  =  1 

A1/92 

188/5280 

No  Stores 

29.5 

6.0 

0 

12.0 

A1/101 

184/5200 

Nine  MLU-10/B 

29.4 

10.0 

0.4 

11.0 

A1/106 

187/5200 

Eleven  BLU-1/B 

27.3 

10.0 

2.5 

10.0 

A1/111 

187/5000 

2  x370's  +  6x  Ml  17 

30.1 

11.0 

0.5 

11.0 

A2/68 

246/5000 

No  Stores 

m 

4.0 

A2/69 

153/5000 

No  Stores 

32.2 

2.0 

4.0 

11.0 

A2/70 

206/5100 

No  Stores 

32.8 

6.0 

3.0 

10.0 

A2/71 

207/5100 

No  Stores 

32.4 

5.0 

2.0 

9.0 

A8/176 

150/5900 

Four  AIM-7's 

5.0 

1.0 

6.0 

A8/180 

158/500 0 

2  x  370's+  11  x  M117 

22.9 

5.5 

1.0 

6.0 

A8/181 

160/5250 

2  x  370's  +  6  x  M117 

25.5 

4.0 

1.0 

4.0 

A3/183 

226/4600 

10  x  Ml  17  +  6  x  LAU-3/A 

29.3 

4.0 

0.5 

4.0 

A8/187 

156/6100 

1  x370  +  3xM117 
+  3  x  LAU-3/A 

24.5 

4.0 

warn 

6.0 

Note:  All  longitudinal  control  forces  are  pull  forces. 
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Table  II  (3.2.37) 
Longitudinal  Control  in  Sideslips 
Flight  Phase  CR 


Reference/ 

Figure 

M/Alt 

Loading 

CG 

P@ 

50  lb  FRp 

Fs@ 

50  lb  Frp 

AF  for 

An  =  1 

A1/93 

.57/5420 

No  Stores 

32.7 

11.0 

3.5 

12.0 

A1/94 

.96/7100 

No  Stores 

34.4 

6.0 

2.5 

11.0 

|  A 1/95 

.96/9700 

No  Stores 

31.4 

4.5 

1.0 

15.0 

A1/96 

.80/37100 

No  Stores 

32.2 

2.0 

0 

9.0 

A1/97 

.96/37000 

No  Stores 

31.2 

2.5 

1  ' 

16.0 

A1/102 

.56/5900 

9  x  MLU-1Q/B 

29.2 

1 

Xtfll 

12.0 

A1/103 

.85/31500 

9  x  MLU-10/B 

30.6 

7.0 

1.0 

7.0 

A1/104 

.96/32000 

9  x  MLU-10/B 

29.9 

4.0 

| 

16.0 

A1/107 

.56/5400 

11  x  BLU'1/B 

30.6 

11.0 

6.0 

8.0 

A1/109 

.80/31400 

11  x  BLU-1/B 

27.4 

9.5 

7.0 

A1/110 

.95/31100 

11  x  BLU-1/B 

27.4 

7.5 

-1.0 

— 

A1/112 

.55/5400 

2  x  370's+  11  x  JV1117 

30.0 

8.0 

S3 

A2/72 

.43/6300 

3  Ext  Tanks 

29.3 

2.0 

1.0 

A8/176 

.31/14750 

Inbd  Pylons 

28.0 

5.5 

2.0 

8.0 

A8/177 

.31/14850 

lnbd  Pylons 

28.2 

10.8 

A8/178 

.42/5000 

2x370  +  6xM117 

23.2 

3.0 

0.5 

8.0 

A8/179 

.43/4800 

2  x  370  f-  6x  M117 

27.0 

1.8 

4.0 

A8/182 

.77/14900 

10  x  Ml  17  +  P  x  LAU-3/A 

24.8 

2.8 

1.0 

9.0 

A8/184 

.93/20550 

1  x370  +  3xM117  +  3x 
LAU-3/A 

25.6 

1.8 

3.0 

12.0 

A8/185 

.77/21100 

1  x370  +  3xM117  +  3x 
LAU-3/A 

24.9 

3.0 

1.5 

10.0 

A8/186 

.34/9050 

1  x  370  +  3  x  M117  4  3  x 
LAU-3/A 

24.2 

mm 

3.0 

Note:  All  longitudinal  control  forces  are 


pull  forces  unless  noted  as  negative  (-) 
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Table  III  (3.2.3.7) 
Longitudinal  Control  in  Sideslips 
Flight  Phase  CO 


Reference 

/Figure 

M/Alt 

Loading 

CG 

50  lb  Fpp 

Fs@ 

50  lb  Fpp 

AFc  for 

An  =  1 

A1/98 

1.35/ 

34880 

No  Stores 

30.5 

0.3 

12.0 

A 1/99 

1.57/ 

35700 

No  Stores 

27.3 

1.6 

2,0 

19.0 

A'l/100 

1.95/ 

35100 

No  Stores 

27.5 

0.5 

4.0 

16.0 

A1/105 

1.11/ 

29400 

9  x  MLU-10/B 

29.9 

8.5 

2.0 

16.0 

A1/108 

.89/ 

6800 

11  x  BLU-1/B 

29.4 

6.0 

4.0 

10.0 

A8/172 

1.11/ 

40850 

4  x  AIM-7 

30.7 

1.6 

0 

m 

A8/173 

1.49/ 

40550 

4  x  AIM-7 

27.5 

0.2 

1.0 

13.0 

A8/174 

1.91/ 

38950 

4  x  AIM-7 

25.4 

0.3 

1.0 

m 

Note:  All  longitudinal  control  forces  are  pull  forces. 
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3.3  Lateral-Directional  Flying  Qualities 


3.3.1  Lateral-Directional  Mode  Characteristics 


3. 3. 1.1  Lateral  Directional  Oscillations  (Dutch  Roll) 


A.  REQUIREMENT 

3. 3  Lateral-Directional  Flying  Qualities 

3.3.1  Lateral-Directional  Mode  Characteristics 


3. 3.1.1  Lateral-Directional  Oscillations  (Dutch  Roll)  -  The  frequency, 
“n^j  damping  ratio,  of  the  lateral-directional  oscillations  follow¬ 
ing  a  rudder  disturbance  input  shall  exceed  the  mi  nimums  in  Table  VI.  The 
requirements  shall  be  met  with  cockpit  controls  fixed  and  with  them  free,  in 
oscillations  of  any  magnitude  that  might  be  experienced  in  operational  use. 
If  the  oscillation  is  nonlinear  with  amplitude,  the  requirement  shall  apply 
to  each  cycle  of  the  oscillation.  Residual  oscillations  may  be  tolerated 
only  if  the  amplitude  is  sufficiently  small  that  the  motions  are  not  objec¬ 
tionable  and  do  not  impair  mission  performance.  For  Category  A  Flight 
Phases,  angular  deviations  shall  be  less  than  *3  mils.  With  the  control 
surfaces  fixed,  shall  always  be  greater  than  zero. 

Table  VI 

Minimum  Dutch  Roll  Frequency  and  Damping 


Level 

Flight  Phase 
Category 

Class 

Min  fd* 

Min 

rad/sec 

Min 

rad/sec 

A 

1,  IV 

0.13 

0.35 

1.0 

II,  III 

0.19 

0.35 

0.4** 

1 

B 

ALL 

0.08 

0.15 

0.4** 

C 

1,  ll-C,  IV 

0.08 

0.15 

1.0 

ll-L,  III 

0.08 

0.15 

0.4** 

2 

ALL 

ALL 

0.02 

0.05 

0.4** 

3 

ALL 

ALL 

0.02 

- 

0.4** 

*The  governing  damping  requirement  is  that  yielding  the  larger  value  of  fd< 

**Cla^s  III  airplanes  may  be  excepted  from  the  minimum  requirement,  subject 
to  approval  by  the  procuring  activity,  if  the  requirements  of  3.3.2  through 
3.3.2.4.1,  3.3.5  and  3.3.9.4  are  met. 
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When  ugJ4»/B|d  is  greater  than  20  (rad/sec)2,  the  minimum  Sdwnd  shall 
he  increased  above  the  £du)j}d  minimums  listed  above  by. 

Level  1  -  (undl I d  ”  ^0) 

Level  2  -  =  *009  <“§dl+/6ld-  20) 

Level  3  -  =  *005  "  20) 

with  oind  in  rad/sec. 


B.  APPLICABLE  PARAMETERS 

(1)  Undamped  natural  frequency  of  the  dutch  roll  oscillation,  wnd 

(2)  Damping  ratio  of  the  dutch  roll  oscillation. 

(3)  Total  damping,  Cd<*>nd 

(4)  Roll-sideslip  ratio,  |<{>/8|d 

C.  P-4  CHARACTERISTICS 

Dutch  roll  mode  characteristics  have  been  evaluated  throughout  the 
flight  envelope  by  exciting  the  aircraft  with  a  rudder  doublet  or  a  release 
from  a  steady  sideslip.  Data  are  available  in  configurations  PA,  PA  (l/2), 
TO,  CR,  CO  for  the  basic  aircraft  and  for  various  combinations  of  external 
stores  as  listed  in  Tables  I  (3. 3.1.1)  through  VI  (3. 3.1.1).  The  damping 
characteristics  with  the  external  store  loadings  were  determined  with  the 
roll  and  yaw  STAB  AUG  disengaged.  Clean  aircraft  damping  characteristics 
were  determined  with  SAS  engaged  and  disengaged.  Data  scatter  is  evident  m 
some  areas. 

Almost  all  quantitative  evaluations  of  the  P-4  were  made  in  terms  of  the 
parameters  specified  in  Reference  Bl,  that  is,  the  damping  parameter  (l/C^g) 
and  the  rolling  parameter  (^-) .  The  damping  parameter  term  has  been  tran¬ 
sited  to  damping  ratio  Ud).6  The  few  time  histories  available.  Reference  AT, 
provide  the  only  direct  means  of  measuring  the  undamped  natural  frequency 
.  a  review  of  these  time  histories  shows  that  dutch  roll  excitation 
following  a  6r  doublet,  with  STAB  AUG  on,  is  so  highly  damped  that  wna  cannot 
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be  determined.  With  STAB  AUG  off,  is  in  the  region  of  4.4  to  4.6  rad/see. 
These  values  were  calculated  using  the  procedure  illustrated  in  Appendix  III 
of  Reference  B2.  In  order  to  obtain  a  better  spread  of  data,  undamped  natural 
frequency  has  been  estimated  by  matching  the  flight  conditions  of  the  tabu¬ 
lated  data  with  the  flight  test  data  of  page  6.18  of  Reference  Bl6  to  obtain 
the  dutch  roll  mode  period.  This  approach  is  taken  with  the  data  of  Tables 
II  and  III  (3. 3.1.1)  where  available  data  permit.  These  are  compared  with 
the  specification  boundaries  on  Figure  1  (3. 3.1.1).  The  greatest  period 
obtained  at  any  F-4  flight  condition  in  Reference  Bl6  is  3  seconds ,  which 
corresponds  to  a  of  at  least  2  rad/sec.  Since  this  value  of  con<i  is  well 
above  the  minimum  frequency  specified,  wn(j  alone  is  not  considered  significant 
in  the  F-4  analysis.  As  a  result  the  majority  of  the  flight  test  data  are 
presented  in  terms  of  the  damping  ratio  parameter  only.  Tables  II  and  III 
(3. 3.1.1)  present  values  of  in  cases  where  o>nd  is  available;  this  has 

been  used  to  calculate  increased  requirements  for  those  flight  condi¬ 

tions  in  which  both  tond2|ij)/6  |^  >  20,  and  also  the  resulting  C^n^  represents 
a  higher  than  the  relevant  requirement  on  £3  alone.  No  basic  Level  3 
requirement  on  0^^  is  presented  by  the  specification,  and  so  the  increased 
Level  3  ton^  requirement  has  been  calculated  by  adding  the  appropriate 
Level  3  to  the  basic  Level  2  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

A  summary  of  pilot  ratings  and  comments  on  F-4  dutch  roll  mode  damping 
is  presented  below. 

0  "With  stability  augmentation  engaged,  damping  was  essentially  dead¬ 

beat  throughout  the  operational  regime  of  the  aircraft  (E2).  A  high  yaw  to 
roll  rate  existed  at  supersonic  speeds  due  to  the  weak  dihedral  effect... 
however,  flying  qualities  were  not  compromised." 

"With  stability  augmentation  disengaged,  damping  decreased  but... 
qualitatively .. .was  acceptable  in  all  configurations  throughout  the  opera¬ 
tional  flight  envelope."  (E4),  Reference  Al,  F-4C. 

0  "With  stability  augmentation  ON  (roll  and  yaw),  damping  of  the 
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lateral-directional  oscillations  was  essentially  deadbeat  (C2) .  With  the 
stability  augmentation  OFF  the  airplane  exhibited  a  high  roll  to  yaw  ratio, 
but  damped  satisfactorily  while  rolling  into  an  ever  increasing  bank  angle. 
With  only  YAW  AUG  OFF,  the  directional  oscillation  damped  rapidly." 

Reference  Nl8,  F-4<J. 

o  "With  stability  augmentation  engaged. . .very  highly  damped."  (E2) . 

With  stability  augmentation  disengaged  damping  decreased  but  met, . .require¬ 
ments  and  was  satisfactory."  (E3),  Reference  A2,  RF-4C. 
o  "Dynamic  lateral-directional  stability  characteristics .in  all 

test  loadings*. . .in  Configuration  PA. . .were  qualitatively  unchanged  from 
those  of  the  basic  airplane  (C2)."  Reference  N10,  F-4B. 

*Landing  approaches  conducted  during  this  evaluation  were  with  asym¬ 
metric  external  store  loadings  simulating  a  weapon  release  failure  mode. 
Asymmetrical  lateral  moments  varied  from  234,128  in-lb  to  333,370  in-lb. 
o  "The  addition  of  external  stores  produced  no  measurable  changes  in 

the  dynamic  lateral-directional  stability  of  the  aircraft."  Reference  Al, 
F-4C. 

o  "...the  external  stores  had  little  effect  on  the  dynamic  lateral- 

directional  stability  of  the  aircraft."  Reference  A2,  RF-4C. 

illustrate  the  effect  of  a  parameter,  which  is  non-related  to  air¬ 
craft  stability  or  flight  control  system  mechanical  characteristics ,  on 
overall  flying  qualities  the  following  comments  on  F-4K  lateral-directional 
characteristics  are  presented.  The  F-4K  is  identical  to  the  F-4J  except  for 
the  engine  installation.  The  F-4j  is  powered  by  two  General  Electric  J79- 
GE-10  turbojet  engines,  whereas  the  F-4K  utilizes  Rolls  Royce  Spey  turbofan 
engines.  All  comments  apply  tc  the  PA  configuration. 

o  "Small  amplitude  lateral-directional  oscillations  were  frequently 

encountered  during  landing  approaches  due  to  asymmetric  engine  operation. . . 
besides  requiring  the  added  attention  of  the  pilot  to  counter  these  oscilla¬ 
tions,  the  line  up  tracking  task  was  increased,  (c4.5)."  Reference  N12, 

F-4K. 

o  "The  overall  carrier  approach  handling  characteristics  of  the  F-4K 

airplane  were  unsatisfactory  because  of  the  inability  to  stabilize  on 
approach  speed...,  the  lateral-directional  oscillations  and  marginal  roll 
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response, .. and  the  longitudinal  stability  and  control  characteristics.. . 
(C6)."  Reference  N12,  F-4K. 

After  installing  a  controlex  steel  tape  throttle  system  and  a  revised 
engine  cambox  to  correct  the  unsatisfactory  lateral-directional  approach 
handling  characteristics  the  following  comment  was  made  in  Reference  Ul6: 
o  The  resulting  thrust/throttle  relationship  significantly  improved 

the  lateral-directional  flying  qualities  in  configurations  PA  and  PA  {^) 
...little  or  no  lateral-directional  oscillations  resulting  from  asymmetric 
thrust  were  generated." 

E.  DISCUSSION 

Unfortunately ,  pilot  comments  associated  with  the  various  flight  test 
data  presented  in  Tables  I  (3. 3.1.1)  through  VI  (3. 3.1.1)  are  very  brief. 

From  Reference  Al,  A2,  A7,  N4,  and  Nl8,  comments  on  dutch  roll  mode  damping 
with  stability  augmentation  engaged  are:  "deadbeat,"  "very  highly  damped," 
"easily  met  the  requirements."  These  comments  can  be  accurately  translated 
to  ratings  by  referring  to  References  Nl8  and  N10,  which  consistently  assign 
a  rating  of  C2  to  "deadbeat"  and  "very  highly  damped"  comments.  On  the 
other  hand,  comments  on  dutch  roll  damping  with  stability  augmentation  dis¬ 
engaged  are  not  nearly  so  easy  to  interpret.  Typical  comments  from  References 
Al,  A2,  A7,  and  Nl8  are:  "acceptable,"  "met  the  requirements,"  "damping 
decreased  but. . .satisfactory ."  Ratings  are  not  available,  and  these  comments 
can  imply  either  Level  1  (satisfactory)  or  Level  2  (acceptable).  The  F-4C 
data  from  Reference  Al  [Tables  I  (3. 3.1.1)  and  II  (3. 3.1.1)]  and  the  pilot 
opinion  of  "acceptable"  both  put  the  aircraft  in  Level  2.  The  RF-4C  data 
of  Table  III  (3. 3.1.1)  generally  fall  in  Level  1  which  correlates  well 
with  the  pilot  opinion  of  "satisfactory"  (Level  l)  from  Reference  A2. 

Reviewing  the  F-4E  data  from  Reference  AJ  [Table  V  (3. 3.1,1)  and  VI  (3. 3.1.1)] 
shows  both  the  data  and  pilot  opinions  to  fall  in  Level  1. 

A  comparison  of  damping  ratios  -  external  store  loadings  versus  clean 
aircraft  -  shows  that  the  external  stores  have  no  significant  effect  on 
either  the  quantitative  or  qualitative  assessment  of  dutch  roll  mode  damping. 

The  data  from  Table  III  (3. 3.1.1)  show  that  a  damping  ratio  of  ?  >  0.056 
can  provide  satisfactory  handling  qualities  for  Category  B,  Level  1  [Figure 
1  (3. 3. l.l) ] .  Further,  data  from  Table  IV  (3. 3.1.1)  show  that  ?  >  0.074  can 
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provide  satisfactory  handling  qualities  for  Category  A,  Level  1.  This  is 
not  considered  sufficient  justification  to  recommend  a  change  to  the  exist¬ 
ing  requirements  since  all  other  data  tend  to  substantiate  the  existing 
requirements  on 

The  limited  available  F-4  data  do  not  permit  validation  of  either  the 
total  damping,  or  the  minimum  frequency  boundaries,  u)n^. 

The  validation  of  the  increased  requirements  for  flight  condi¬ 

tions  in  which  |  tJ>/P  |  ^  is  high  shows  reasonable  correlation  in  a  number  of 
cases.  All  the  discrepancies  indicate  that  the  requirement  is  too  stringent 
Two  Category  A  cases  in  Table  II  (3. 3.1.1)  exhibit  rather  wide  discrepan¬ 
cies;  according  to  the  specification  the  aircrafts  flying  qualities  fall 
outside  Level  3,  the  actual  comments  being  representative  of  Level  2  flying 
qualities .  These  cases  are  both  supersonic  flight  conditions  at  about 
35,000  ft.,  with  high  values  of  both  a>n^  and  |  (f»/3 1  ^ .  One  case  falls  in  the 
specification  Level  3  area,  the  comments  being  representative  of  Level  2, 
and  four  cases  fall  in  the  specification  Level  2  area,  the  comments  being 
representative  of  Level  1.  Eight  remaining  cases  show  agreement  between 
the  specification  and  flight  test  levels.  However,  the  wide  variations  in 
Itfi/Bla  at  similar  flight  conditions  cast  some  doubt  on  the  original  data, 
and  so  no  general  conclusions  are  drawn. 

F.  RECOMMENDATION 

None. 
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Table  1(3.3. 1.1) 

Lateral-Directional  Oscillations  (Dutch  Roll) 
Stability  Augmentation  Off 
Reference  A1,  F-4C 


(9)  MLU-10/B  Landmines 


Gross 

Flight 

Flight 

Airspeed 

Altitude 

Weight 

CG 

£d 

Phase 

Specif. 

Test 

(KCAS) 

(ft) 

Mach 

(lb) 

(%c) 

Config. 

Cat. 

Level 

Rating 

211 

5,300 

0.350 

44,990 

31.3 

PA 

.050 

Y~ 

2 

E4 

171 

5,090 

0.283 

44,590 

31.0 

PA 

.034 

C 

2 

187 

5,330 

0.310 

44,390 

30.7 

TO 

.074 

c 

2 

217 

6,125 

0.366 

44,190 

30.3 

TO 

.057 

c 

2 

294 

31,540 

0.800 

43,000 

31.7 

CR 

.050 

B 

2 

293 

30,920 

0.789 

43,000 

31.7 

CR 

.049 

B 

2 

35S 

32,330 

0.963 

43,490 

29.9 

CO 

.057 

A 

2 

428 

29,980 

1.084 

42,800 

33.0 

CO 

.049 

A 

2 

324 

31,880 

0.877 

40,520 

29.6 

CR 

.057 

B 

2 

(11)  BLU-1/B  Napalm  Bombs 

Altitude 

Gross 

Flight 

Flight 

Airspeed 

Weight 

CG 

*d 

Phase 

Specif. 

Test 

(KCAS) 

(ft) 

Mach 

(lb) 

(%c) 

Config. 

Cat. 

Level 

Rating 

207 

5,490 

0.345 

47,410 

30.7 

PA 

.036 

C 

2 

1 

:4 

172 

4,980 

0.285 

47,310 

30.5 

PA 

.033 

C 

2 

187 

5,190 

0.311 

47,010 

30.5 

TO 

.033 

C 

2 

216 

5,300 

0.359 

46,600 

30.4 

TO 

.043 

C 

2 

294 

31,540 

0.800 

46,050 

28.3 

CR 

.034 

B 

2 

1 

(2)  370-Gal  Tanks  and 

(11)  M117  Bombs 

Airspeed 

Gross 

Flight 

Flight 

Altitude' 

Weight 

CG 

Phase 

Specif. 

Test 

(KCAS) 

(ft) 

Mach 

(lb) 

(°/oC) 

Config. 

Cat. 

Level 

Rating 

199 

5,440 

0.331 

50,730 

28.4 

PA 

.054 

C 

2 

:4 

169 

5,010 

0.280 

50,520 

29.1 

PA 

.068 

C 

2 

207 

5,090 

0.343 

49,730 

28.7 

TO 

.044 

C 

2 

187 

5,010 

0.310 

49,520 

29.0 

TO 

.058 

C 

2 

345 

24,690 

0.811 

49,180 

26.5 

CR 

.046 

B 

2 

396 

24,860 

0.921 

4B,790 

26.8 

CO 

.064 

A 

2 

412 

25,010 

0.959 

48,490 

26.6 

CO 

.056 

A 

2 

366 

24,450 

0.853 

47,980 

26.9 

CR 

.085 

B 

1 

361 

24,550 

0.343 

47,880 

27.4 

CR 

.060 

B 

2 

Table  SI  (3.3.1.1) 

Lateral-Directional  Oscillations  (Dutch  Roll) 
Stability  Augmentation  Off 
No  External  Stores 
Reference  AI,  F-4C 
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Notes: 

Unless  otherwise  noted,  and  incremented  are  calculated  using  Level  1  requirements. 

*Based  on  Level  2  A?dwn^  requirement. 

★  Based  an  Level  3  AS^to,,  requirement/Level  2  basic  requirement, 
t  o)n^  <^0  (rad/sec)2. 

☆  Incremented  .  yields  lower  than  basic  ^  requirement. 


Table  III  (3.3.1.1) 

Lateral  -  Directional  Oscillations  (Dutch  Roll) 
Stability  Augmentation  Off 
No  External  Stores 
Referencs  A2,  RF-4C 
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Table  IV  {3.3.1.1) 

Lateral  -  Directional  Oscillations  (Dutch  Roll) 
Stability  Augmentation  Off 
Three  External  Fuel  Tanks 
Reference  A2,  RF-4C 


Trim  Conditions 

Gross  Flight 


Airspeed 

(KCAS) 

Altitude 

(ft) 

Mach 

Weight 

(lb) 

CG 

m 

Cnnfig. 

Phase 

Cat 

Specif. 

Level 

508 

10,500 

.95 

48,300 

30.3 

CO 

.074 

A 

2 

P11 

11,500 

.95 

48,200 

29.7 

.092 

A 

2 

511 

11,500 

.95 

48,200 

29.6 

.075 

A 

2 

486 

35,100 

1.35 

42,780 

29.0 

.098 

A 

2 

486 

35,100 

1.35 

42,600 

28.8 

.148 

A 

2 

546 

35,700 

1.52 

33,600 

28.8 

.260 

A 

1 

548 

35,700 

1.53 

33,400 

29.1 

.340 

A 

1 

256 

6,660 

.44 

36,500 

29.9 

C 

R 

.086 

B 

1 

256 

6,790 

.44 

36,500 

29.9 

.080 

B 

1 

257 

6,990 

.45 

36,50D 

29.8 

.074 

B 

2 

257 

7,220 

.45 

36,400 

29.7 

.074 

B 

2 

260 

7,260 

.46 

36,300 

29.7 

( 

.085 

B 

1 

318 

35,500 

.95 

40,200 

32.5 

C 

O 

.126 

A 

2 

314 

35,600 

.95 

40,200 

32.5 

.120 

A 

2 

319 

35,^00 

.96 

39,500 

32.3 

.124 

A 

2 

320 

Sir, 500 

.96 

39,300 

32.3 

.115 

A 

2 

393 

8,900 

.71 

36,300 

30.1 

CR 

i 

.074 

B 

2 

394 

8,900 

.71 

36,200 

30.1 

.074 

B 

2 

Flight 

Test 

Rating 

E3 
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Table  V  (3.3.1.1) 

Lateral  -  Directional  Oscillations  (Dutch  Roll) 
Stability  Augmentation  System  On 
Reference  A7,  F-4E 


CR  &  CO  Configuration 


Airspeed  Alt 
(KCAS)  (ft) 

Mach 

Gross 

Weight 

(lb) 

CG 

(%c) 

Leading 

A 

Flight 

Phase  Specif. 
Cat  Level 

168 

20,200 

.37 

42,700 

32.6 

Two  Aft  AIM-7's 

.415 

B 

1 

197 

20,300 

.44 

42,800 

32.4 

Two  Aft  AIM-7's 

.575 

B 

1 

257 

20,500 

.57 

43,300 

32.2 

Two  Aft  AIM-7's 

.623 

B 

1 

347 

40,850 

1.11 

39,600 

30.7 

Two  Aft  AIM-7's 

.540 

A 

1 

485 

40,800 

1.50 

38,500 

27.4 

Two  Aft  AIM-7'$ 

.605 

A 

1 

643 

3B,80D 

1.92 

36,800 

25.4  Two  Aft  AlM*7's 

.495 

A 

1 

453 

35,200 

1.26 

38,200 

27.1, 

Four  AiM-4's  and  Two 

.350 

A 

1 

576 

36,500 

1.63 

39,600 

30.71 

i 

AftAIM-7's 

.350 

A 

1 

170 

14,900 

.34 

43,300 

34.f 

Two  External  Tanks,  Inboard 

.513 

B 

1 

194 

16,150 

.40 

45,700 

33.71 

Pylons,  One  LAU-3/A  and  One 

.485 

B 

1 

241 

16,900 

.50 

45,600 

33.il 

f  BLU-27/B  (TAC  Training)  and 
Mwo  AftAIM*7's 

.540 

B 

1 

254 

4,800 

.42 

47,600 

27.2 

Two  External  Tanks  and 

.385 

B 

1 

251 

5,150 

.42 

41,809 

23.4 

SixM117's 

.520 

B 

1 

160 

14,250 

.32 

50,000 

25.7 

Ten  M117's  and  Six  Empty 

0 

_ 

_ 

169 

16,400 

.34 

50,400 

25.8 

LAU-3/A's 

O 

__ 

_ 

Dive  Configuration 

341  4,900  M 

35,200 

23.8 

Four  AIM-7's 

.520 

A 

1 

Flight 

Test 

Rating 

E2 


I 


E2 


PA  Configuration 


Production  Angle 

Gross 

Airspeed  Alt 

of  attack 

Weight 

CG 

(KCAS) 

(ft) 

(units)’ 

Ob) 

m 

204 

5,450 

12 

49,900 

29.3 

166 

5,245 

18 

48,700 

25.6 

Loading 

Id 

Flight 

Phase 

Cat 

Specif. 

Level 

Flight 

Test 

Rating 

Ten  M117'sandSix 
Empty  LAU-3/A's 

.510 

C 

i r~ 

E2 

Two  External  Tanks 
and  Six  Ml  17's 

.383 

C 

i 

E2 
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Table  VI  (3.3.1.1) 

Lateral  •  Directional  Oscillations  (Dutch  Roll) 
Stability  Augmentation  System  Off 
Reference  A7f  F-4E 


CR  &  CO  Configuration 


V 

Flight 

Flight 

Airspeed 

Alt 

GW  CG 

Phase 

Specif. 

Test 

(KCAS) 

jft) 

Mach 

m_  m 

Loading 

Cat. 

Level 

Rating 

250 

26,000 

.60 

43,400  28.4 

Four  AIIUJ-7's 

.153 

B 

1 

E 

3 

260 

24,500 

.61 

43,200  32.2 

Two  Aft  AIM-7's 

.120 

B 

1 

315 

26,000 

.77 

42,800  27.6 

Four/ 

IM-7's 

.092 

B 

1 

385 

25,000 

.90 

42,200  26.9 

.160 

B 

1 

285 

39,000 

.93 

40,300  25.3 

.086 

B 

1 

410 

26,000 

.98 

41,700  26.3 

.092 

B 

1 

335 

39,000 

1.05 

39,600  25.3 

.092 

A 

2 

PA  Configuration 


Production  Angle  Flight  Flight 


Airspeed 

(KCAS) 

Alt 

(ft) 

of  Attach 
(units) 

GW 

(lb) 

CG 

(D/oC) 

Loading  -d 

Phase 

Cat. 

Specif. 

Level 

Test 

Rating 

M5 

4,000 

20 

34,500 

27.4 

Two  Aft  AIM-7's  .110 

~T 

1 

E 

3 

150 

9,500 

20 

39,800 

33.3 

Four/ 

ilM-7's  .104 

C 

1 

158 

8,500 

17 

40,600 

32.5 

.094 

C 

1 

172 

10,000 

14 

41,100 

32.2 

.085 

c 

1 

192 

10,000 

12 

42,300 

31.5 

.080 

c 

1 

157 

14,300 

27 

36,600 

29.7 

0 

- 

- 
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Sources:  and  pilot  ratings  -  Reference  A1  and  A2 

to_  —  MCAI R  flight  test 
nd 


W"d 

(rad/sec) 


- Specification  boundaries 

O  F-4  level  1  data 
®  F-4  level  2  data 


fd 

Figure  1  {3.3.1.11 

Lateral-Directional  Oscillations  (Dutch  Roll) 
F-4  Flight  Test  Data  (Category  B  Flight  Phases) 
Stability  Augmentation  Off 
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A.  requirement 


3. 3. 1.2  Roll  Mode  -  The  roll  mode  time  constant,  tr,  shall  be  no 
greater  than  the  appropriate  value  in  Table  VII. 


Table  VII 

Maximum  Boll-Mode  Time  Constant 


Class 

Flight  Phasa 
Category 

Level  1 

Level  2 

Level  3 

1,  ll-C 
&IV 

A,  C 

1.0  sec 

1.4  sec 

10  sec 

B 

1.4  sec 

3.0  sec 

II-L& 

III 

All 

1.4  sec 

3.0  sec 

B.  APPLICABLE  PARAMETERS 

Roll  mode  time  constant. 

C.  F-4  CHARACTERISTICS 

The  roll  mode  requirements  are,  according  to  Reference  B2,  an  attempt 
to  specify  the  initial  roll  response  "shape"  or  damping.  Inherent  in  the 
specification  of  the  roll  mode  time  constant  is  the  assumption  that  the 
roll  response  can  at  least  he  approximated  by  a  first-order  roll  rate 
response.  F- It  characteristics  are  affected  by  aerodynamic  parameters  sue 
as  dutch  roll  damping  and  frequency,  roll  performance,  and  the  control  sys¬ 
tem  dynamics,  which  render  the  roll  response  less  like  a  first-order  ype. 
Figure  1  (3. 3.1.2)  compares  calculated  basic  aircraft  responses  based  on 
a  single  degree  of  freedom,  first  order  representation,  ana  a  three  degree 
of  freedom,  fourth  order  representation.  There  is  a  reasonable  match  in 
the  very  early  part  of  the  response,  but  otherwise  the  first  order  response 
could  not  be  considered  a  reliable  approximation  to  the  third  order  (and 
hopefully  more  accurate)  representation.  A  further  consideration  is  that 
in  the  case  of  the  F-k,  the  directional  stability  augmentation  system  (SAS) 
has  a  characteristic  root  close  to  the  basic  airframe  roll  mode  root;  this 
makes  identification  of  the  "roll  mode"  with  the  directional  SAS  on,  which 
is  the  normal  state  of  the  aircraft ,  very  difficult. 


Nevertheless,  numerical  values  of  the  time  constant  data,  presented  in 
Figures  2  through  4  (3. 3. 1.2)  have  been  estimated  by  calculating  for  a 
first-order  system  which  exhibits  the  same  steady  state  roll  rate  and  time- 
to-bank  as  the  test  data.  Some  attempt  has  been  made  to  approximate  the 
effects  of  a  realistic  pilot  input  and  control  system  lag  by  assuming  that 
the  step  aileron  input  was  initiated  at  time  t  =  0.1  seconds. 

!Phe  data  have  been  separated  into  flight  phases  PA,  CO,  and  CR,  which 
corresponds  to  the  separation  of  the  requirements  into  Flight  Phase  Cate¬ 
gories  A,  B,  and  C,  respectively.  The  relative  paucity  of  ratings  for  the 
CR  Flight  Phase  is  partly  due  to  the  lack  of  significance  of  this  phase  com¬ 
pared  with  the  other,  more  demanding,  flight  phases,  and  partly  due  to 
difficulty  in  assigning  ratings  using  the  published  comments. 

The  data  points  from  the  early  F-4  evaluation  of  Reference  N1  are 
identified  because  the  ratings  for  roll  performance  seemed  rather  lenient 
("...excellent  [El]  rolling  performance  in  the  clean  configuration  over  the 
entire  flight  envelope.")  Also,  it  seems  reasonable  to  suppose  that  pilot’s 
requirements,  particularly  on  parameters  concerned  with  the  CO  Flight  Phase, 
should  become  more  stringent  as  time  passes ,  and  therefore ,  that  "excellent" 
rolling  performance  in  1958  might  be  considered  rather  less  than  excellent 
in  1965  or  1970.  The  Reference  Nl8  data  are  also  identified  because  they 
represent  a  recent  evaluation  with  specific  emphasis  on  the  CO  Flight  Phase 
(see  3. 3. 4. l.l).  Paragraphs  3.3.4  and  3. 3. 4. 1.1  present  data  on  the  Pss  vs. 
tr  plane  for  correlation. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

The  specific  comments  used  for  this  section  pertain  to  roll  performance 
and  are  included  under  3.3.4. 

Pilot  opinion  is,  of  course,  as  much  affected  by  interaction  effects  as 
are  the  test  data.  The  comments  used  to  assign  Levels  to  the  data  of  Figures 
2  (3. 3. 1.2),  3  (3. 3. 1.2),  and  4  (3. 3. 1.2)  are  taken  from  evaluations  of  roll 
performance,  because  no  comments  concerned  with  roll  damping  per  se  exist. 

It  could  be  argued  that  the  ratings  should  not,  therefore,  be  assigned  to 
the  roll  mode;  the  justification  is  that  many  comments  are  relevant  to 
rolling  "characteristics,"  which  can  be  said  to  include  the  roll  mode. 
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E.  DISCUSSION 

CO  Configuration  [Figure  2  (3-3. 1.2)] 

The  Level  1  points  from  Reference  N1  are  all  in  the  specification 
Level  2  or  3  areas.  The  other  Level  1  point  in  the  Level  3  area  is  from 
Reference  Al.  If  these  points  are  disregarded,  then  it  is  evident  that  all 
the  remaining  Level  1  and  Level  2  points  fall  in  the  specification  Level  1 
area.  The  maximum  specification  Level  1  time  constant  could  he  decreased 
to  td  =o.5  and  the  majority  of  the  Level  2  points  would  he  in  the  Level  2 
area  with  the  majority  of  Level  1  points  in  the  Level  1  area.  However, 
since  pilot  ratings  are  not  based  specifically  on  roll  response  characteris¬ 
tics,  the  data  do  not  justify  this  change. 

CR  Configuration  [Figure  3  (3. 3. 1.2)3 

All  the  available  data  fall  in  the  specification  Level  1  area.  The 
Level  3  point  is  from  Reference  N15,  which  assigned  a  pilot  rating  of  C7.5 
because  full  aileron  control  was  needed  to  initiate  changes  in  bank  angle. 
Numerically,  the  roll  performance  for  this  point  was  better  than  some  data 
points  which  merited  a  Level  1  rating.  However,  the  data  were  obtained 
with  simulated  failures  and  so  the  ratings  are  somewhat  open  to  question. 

The  only  Level  2  point  falls  near  the  specification  Level  1/2  boundary. 

PA  Configuration  [Figure  1+  (3. 3. 1.2)3 

The  only  comment  concerning  Figure  k  (3. 3.1.2)  would  be  that  all  the 
Level  1  rated  data  have  a  specification  Level  1  value  of  t^.  Roll  mode 
time  constant  does  not  otherwise  provide  any  correlation  with  pilot 
opinion. 

F.  RECOMMENDATIONS 

None. 
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Estimated  data,  Stab.  Aug.  Off 
M  =  0.6,  35,000  ft,  CG  at  28.9%  c 
Responses  shown  are  those  following 


Figure  1  (3.3.1. 2) 

Roll  Mode  Time  Constant 

Comparison  of  One  and  Three  Degree  of  Freedom  Aileron  Rolls 


Test  data:  Actual  pilot  ratings  of  roll  performance  not  time  constant 
O  Level  t 

0  Level  2 

Q  Reference  N1  data 

(Jj  Reference  N 1 8  data 

O’  Failure  data 

Based  on  full  aileron  step  at  t  =  0.1  sec. 

References  N1,  N4,  N15,  N18,  A1 


Figure  2  {3.3.1. 2) 
Roil  Mode  Time  Constant 
CO  Configuration 
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Test  data:  Actual  pilot  ratings  of  roll  performance  not  time  constant 
O  Level  1 
Q)  Level  2 
®  Level  3 

Q  Reference  N1  data 
Cf  Failure  data 

Based  on  full  aileron  step  at  t  =  0.1  sec. 

References  N1,N4,  N15,  A1 


Mach  Number 


Figure  3  (3.3. 1.2) 

Roll  Mode  Time  Constant 
CR  Configuration 
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—  —  —  Calculated  data,  BLC  and  ARI  on 
Test  data:  Actual  pilot  ratings  of  roll  performance  not  time  constant 
O  Level  1 
©  Level  2 
9  Level  3 
0  Failure  data 

BLC  on/off,  ARI  on/off  and  differential  flap  data  included. 

Based  on  full  aileron  step  at  t  =  0.1  sec. 

References  N1,  N2,  N15,  N18 
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Figure  4  (3.3.1.2) 
Rolf  Mode  Time  Constant 
PA  Configuration 
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3. 3.1. 3  Spiral  Mode 


A.  REQUIREMENT 

3. 3. 1.3  Spiral  Stability  -  The  combined  effects  of  spiral  stability 
flight-control-system  characteristics,  and  trim  change  with  speed  shall  be 
such  that  following  a  disturbance  in  bank  of  up  to  20  degrees,  the  time  for 
the  bank  angle  to  double  will  be  greater  than  the  values  in  Table  VIII. 

Th_s  requirement  shall  be  met  with  the  airplane  trimmed  for  wings— level 
zero— yaw-rate  flight  with  the  cockpit  controls  free. 


Table  VIII 

Spiral  Stability  -  Minimum  Time  to  Double  Amplitude 


Class 

Flight  Phase 
Category 

Level  1 

Level  2 

Levol  3 

1  &  IV 

A 

12  sec 

12  sec 

4  sec 

B&C 

20  sec 

12  sec 

4  sec 

II  &  III 

All 

20  sec 

12  sec 

4  sec 

B.  APPLICABLE  PARAMETERS 

Bank  angle  time  to  double  amplitude  following  disturbance  in  bank. 

C.  F-k  CHARACTERISTICS 

No  quantitative  flight  test  spiral  mode  data  are  available.  Estimated 
spiral  mode  characteristics  for  the  clean  aircraft  are  presented  in  Figure 
1  (3. 3. 1.3). 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Only  one  comment  concerning  spiral  stability  is  available: 
o  "The  spiral  stability  of  the  Model  F-^H-1  airplane  is  neutral  in  that 
it  will  hold  a  selected  bank  angle  with  the  flight  controls  in  the  neutral 
position.  This  condition  is  satisfactory."  Reference  Nl,  F^H-l.  The  test 
method  here  is  not  in  accordance  with  the  requirement. 

E.  DISCUSSION 

Insufficient  F— 4  data  are  available  to  evaluate  this  requirement. 

The  phrase  "and  trim  change  with  speed"  is  not  clear  unless  reference 
is  made  to  Reference  B1  which  identifies  it  as  "lateral  trim  change  with 
speed."  The  word  "lateral"  should  be  added  for  clarity  of  wording. 
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To  clarify  the  applicability  of  the  requirements  with  respect  to  air¬ 
craft  exhibiting  spiral  convergence,  the  following  sentence  should  be  added 
to  Paragraph  3. 3. 1.3*.  "For  aircraft  exhibiting  spiral  convergence,  refer¬ 
ence  should  be  made  to  Paragraphs  3. 3. 2. 6,  3. 3.4. 1.1  and  3. 3. 4.1.3  as 
applicable.” 

F.  RECOICMEEDATI ONS 

(1)  In  the  first  sentence,  change  the  phrase  "and  trim  change  with 
speed"  to  read  "and  lateral  trim  change  with  speed." 

(2)  Add  the  following  sentence:  "For  aircraft  exhibiting  spiral 
convergence,  reference  should  be  made  to  Paragraphs  3. 3.2. 6, 

3. 3. 4.1.1  and  3. 3. 4. 1.3,  as  applicable." 
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500 


Estimated  Spiral  Mode  Characteristics 
Stick  Fixed  —  Stab  Aug  Off 
Reference  B16 


3.3.1. *+  Coupled  Roll-Spiral 

A.  REQUIREMENT 

3.3.1. U  Coupled  Roll-Spiral  Oscillation  -  A  coupled  roll-spiral  mode 
will  not  be  permitted. 

B.  APPLICABLE  PARAMETERS 

Roll  and  spiral  mode  time  constants;  damping  of  coupled  roll-spiral 

mode. 

C .  F-4  CHARACTERISTICS 

This  mode  has  not  been  experienced  in  F-4  operation. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 
None. 

F .  RECOMMENDATION 
None. 
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3*3.2  Lateral-Directional  Dynamic  Response  Characteristics 


3,3‘2,1  Lateral-Directional  Response  to  Atmospheric  Disturbances 

A.  REQUIREMENT 


3.3.2  Lateral-Directional  Dynamic  Response  Characteristics  -  Lateral- 
directional  dynamic  response  characteristics  are  stated  in  terms  of  response 
to  atmospheric  disturbances  and  in  terms  of  allowable  roll  rate  and  bank 
oscillations,  sideslip  excursions,  aileron  stick  or  wheel  forces,  and  rudder 
pedal  forces  that  occur  during  specified  rolling  and  turning  maneuvers.  The 
requirements  of  3. 3. 2. 2,  3.3.2. 3,  and  3. 3. 2. 4  apply  for  both  right  and  left 
ai  eron  commands  of  all  magnitudes  up  to  the  magnitude  required  to  meet  the 
roll  performance  requirements  of  3.3.4  and  3. 3.4.1. 

.....  3. 3.2.1  Lateral-Directional  Response  to  Atmospheric  Disturbances  - 
Although  no  numerical  requirements  are  specified,  the  combined  effect  of 
“na»  5d»  TR,  <  P/0,  gust  sensitivity,  and  flight-control-system 

S  SUf  thf  the  airPlane  wil1  have  acceptable  response 

ontrollability  characteristics  in  atmospheric  disturbances.  In  parti- 
cular  the  roll _ acceleration,  rate,  and  displacement  responses  to  side  gusts 

shall  be  investigated  for  airplanes  with  large  rolling  moment  due  to  side- 

s  i 


B.  APPLICABLE  PARAMETERS 

Roll  responsi  due  to  side  gusts. 

C.  F-4  CHARACTERISTICS 

3.3.2. 1 

This  is  a  qualitative  requirement,  and  a3  such  no  F-4  data  is  avail¬ 
able.  Only  one  pilot  comment  is  available  from  the  F-4  literature. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

3. 3.2.1 

o  ...the  (lateral— directional)  oscillations  are  poorly  damped  with 
stab  aug  disengaged  and  in  particular  are  very  easily  induced  by  mild  tur¬ 
bulence  in  configuration  PA,"  Reference  N4,  F4H-1. 

E.  DISCUSSION 

3.3.2 

None . 

3. 3. 2.1 
None. 

F.  RECOMMENDATIONS 

3.3.2 

None. 

3. 3. 2.1 
None. 
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3. 3.2.2  Roll  Rate  Oscillations, 


A.  REQUIREMENT 

SS-STSSlTS1^ -  ?S  less  than  the  following  pan- 
centage  of  the  roll  rate  at  the  first  peak: 


Level 


Flight  Phase  Category, 


A  &  C 
B 

A  &  C 
B 


Percent 

60 

25 

25 

0 


£t£  the  S  angle  has  ehanged  at  leaet  90  degrees. 

t  o  «  o  n  MMMniHLi.  Roll  Rate  Requirement  for  Small  Inputs  -  The _ 

3. 3 .2. 2.  ... — —  .  ■poiiovrintr  a  rudder-pedals-free step  aileron 

value  of  the  parameter  Poae/Pav  Jollo^ng  a  s  ^  Levels  x  and  2. 

command  shall  he  within  the  iimit  &  control  commands  up  to  the  magni- 
This  requirement  applies  for  step  aixeruu  ae(,ondfi 

tudl  which  causes  a  60  degree  hank  angle  change  in  l.TTd  seconds. 

(Since  no  data  are  available  to  validate  the  requirement ,  Figure  k  is 
not  presented.) 

B.  APPLICABLE  PARAMETERS 


p2/pl  and  Posc/Pav 

C.  F-4  CHARACTERISTICS 

Ho  F-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 


None. 

B.  DISCUSSION 


None. 

F.  RECOJ&ffiNDATION 
None. 
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3. 3.2. 3  Bank  Angle  Ohc-HI AtioiiB 

A.  REQUIREMENT 

3* 3.2. 3  Bank  Angle  Oscillations  -  The  value  of  the  parameter  ftncri/^Av 
follows  a  rudder-pedals-free  impulse  aileron  control  command  shall  be  V 
within  the  limits  in  Figure  5  for  Levels  1  and  2.  The  impulse  shall  be  as 
abrupt  as  practical  within  the  strength  limits  of  the  pilot  and  the  rate 
limits  of  the  aileron  control  system. 

(Since  no  data  are  available  to  validate  this  requirement.  Figure  5 
is  not  presented. )  ’  *  ' 


B.  APPLICABLE  PARAMETERS 
*OSC^AV 

C.  F-4  CHARACTERISTICS 

No  F-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 
None. 

F.  RECOMMENDATION 
None. 
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3. 3.2. k  Sideslip  Excursions 


A.  REQUIREMENT 


3.3.2.h  Sideslip  excursions  -  The  amount  of  sideslip  following  a 
rudder-pedals- free  step  aileron  control  command  shall  be  less  than  the 
values  specified  herein.  The  aileron  command  shall  be  held  fixed  until 
the  bank  angle  has  changed  at  least  90  degrees. 


Flight  Phase 
Level  Category 

1  A 

B  &  C 

2  All 


Adverse  Sideslip 
(Right  roll  command 
causes  right  sideslip) 

6k  degrees 

10k  degrees 

15k  degrees 


Proverse  Sideslip 
(Right  roll  command 
causes  left  sideslip) 

2k  degrees 

3k  degrees 

hk  degrees 


3.3.2.U.1  Additional  sideslip  requirement  for  small  inputs  -  The 
amount  of  sideslip  following  a  rudder-pedals-free  step  aileron  control 
command  shall  be  within  the  limits  shown  on  Figure  6  for  Levels  1  and 
2.  This  requirement  shall  apply  for  step  aileron  control  commands  up 
to  the  magnitude  which  causes  a  60-degree  bank  angle  change  within 
or  2  seconds,  whichever  is  longer. 

(Since  no  data  are  available  to  validate  this  requirement.  Figure  6 
is  not  presented.) 


B.  APPLICABLE  PARAMETERS 

Sideslip  excursions  following  a  rudder-pe dais- free  step  aileron 
control  command. 

C.  F-U  CHARACTERISTICS 

Only  the  very  early  Navy  evaluations  (References  N1  and  N2)  were 
concerned  about  investigating  sideslip  excursions  during  roll  commands. 
Lateral  control  effectiveness  tests  determined  sideslip  angles  associated 
with  rudder-fixed  rolls  throughout  most  of  the  flight  envelopes  for  two 
flight  phases:  P  (CRT)  or  (MRT)  and  PA,  which  represent  Categories 

A  and  C,  respectively. 
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The  data  from  the  above  evaluations  are  tabulated  in  Tables  I 
(3. 3.2.4)  and  II  (3.3.2.10.  For  the  data  of  Table  I  (3. 3.2.1+)  the 
commanded  bank  angles  were  obtained  using  either  3/1+  or  full  lateral 
stick  deflection.  The  Table  II  (3. 3.2.1+)  data  were  obtained  with 
lateral  stick  deflections  varying  from  ^  to  full.  From  paragraph 
3.3.1+  of  the  Specification  for  Class  IV  airplanes  in  Category  A, 
the  commanded  roll  performance  ( )  is  the  bank  angle  obtained 
in  1.3  sec.  (^  ^)  ;  however,  Reference™®1  recorded;  l)  degrees  rolled 
in  one  second  and  2)  roll  rate  at  one  second.  For  these  data,  the 
value  of  <()1  ^  was  extrapolated  by  assuming  the  roll  rate  at  one  second 
to  be  constant  through  1.3  seconds.  The  value  of  k  was  assumed  to  be 
1.0  for  a  number  of  the  test  points  of  Table  I  (3. 3.2.1+)  due  to  a 
lack  of  data  from  which  to  calculate  .  The  data  are  summarized 

in  figures  1  (3. 3. 2.1+)  and  2  (3. 3. 2. 4)  ?orn8a$egory  A  and  C  Flight  Phases 
respectively. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

The  F4H— 1  evaluated  in  the  Phase  I  Navy  Preliminary  Evaluation 
(NPE)  of  Reference  Nl,  utilized  a  limited  authority  (+5°  rudder) 
aileron-rudder  interconnect  (ARI)  as  compared  with  +15°  rudder  authority 
in  later  models,  This  report  commented: 

,rThe  yaw  experienced  [during  lateral  control  effectiveness  testa] 
was  negligible  during  clean  configuration  rolls  with  the  exception  that 
appreciable  adverse  yaw  was  experienced  during  rolls  in  the  transonic 
region  (0.92  to  0.96  IMN)  [E4],  The  yaw  associated  with  roll  is  accept¬ 
able  in  the  clean  configuration  [E3].  The  adverse  yaw  in  configuration 
PA  is  controllable  with  the  application  of  rudder;  however  it  is  objection¬ 
able."  [ E5 ] . Table  I  (3. 3. 2. 4)  presents  yaw  angles  obtained  during  these 
tests.  Reference  Nl,  F4H-1. 

Reference  N2  evaluated  the  increased  rudder  authority  (+15°)  of 
the  ARI  and  concluded  that: 

0  "The  rudder  authority  of  the  ARI...  is  satisfactory  in  controlling 
adverse  yaw  to  an  acceptable  level  during  full  aileron  deflection  rolls 
in  configuration  PA."  (E3)  Reference  N2,  F4H~1. 
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E.  DISCUSSION 

3.3.2.U 

In  this  case,  where  one  pilot  opinion  covers  a  range  of  data, 
the  pilot  is  effectively  presenting  his  overall  response  to  general 
characteristics,  and  not  to  specific  test  pointB.  Therefore,  it  is 
difficult  to  apply  such  a  rating  to  each  individual  test  point  with 
any  degree  of  confidence  and  any  comparison  of  qualitative  and  quanti¬ 
tative  data  must  take  this  into  consideration.  A  further  consideration 
is  that  all  data  are  extracted  from  an  early  F-1*  evaluation  (Reference  Nl) 
which  appeared  to  be  lenient  compared  with  subsequent  evaluations.  There¬ 
fore,  caution  should  be  exercised  in  the  use  of  the  accompanying  data. 

The  Category  A  data  of  Table  I  (3.3.2.U)  and  Figure  1  (3.3.2.U) 
provide  good  validation  of  the  Level  1  adverse  and  proverse  boundaries 
with  the  exception  of  two  test  points  in  which  the  roll  command  has 
induced  proverse  sideslip.  These  two  points  were  rated  Level  1  but 
fall  outside  the  Level  1  proverse  boundary.  Available  data  do 

not  permit  evaluation  of  the  Level  2  boundaries. 

The  PA  data  -  Categoiy  C  -  of  Table  I  (3.3.2.10  did  not  correlate 
as  well.  These  data  were  given  a  blanket  rating  of  Level  2,  however 
a  significant  number  of  test  points  met  the  specification  Level  1 
requirements.  Each  of  these  had  relatively  high  roll  performance  result¬ 
ing  in  a  higher  k  and  a  correspondingly  higher  allowable  B.  Adverse 
sideslip  was  in  the  low  range  compared  to  the  other  data. 

The  data  of  Table  II  (3.3.2.L)  -  in  which  the  PA  configuration 
lateral-directional  characteristics  were  modified  by  increasing  ARI 
rudder  authority  to  +15°  -  provide  inconclusive  results.  From  the 
pilot  comment,  an  estimated  Level  1  was  given  to  all  the  data.  However, 
approximately  baxf  of  the  data  are  Level  2  according  to  the  requirement. 

When  the  PA  configuration  data  of  Tables  I  and  II  (3.3.2,h) 
are  combined  as  shown  in  Figure  2  (3.3.2.10,  there  is  some  indication 
that  the  Level  1  adverse  boundary  may  be  a  function  of  airspeed. 
Unfortunately,  es  previously  discussed,  one  pilot  opinion  covers  a 
range  of  data  and  the  data  are  inadequate  to  eatablieh  a  new  boundary 
However,  the  data  indicate  that  the  Level  1  and  2  boundaries  may  be 
too  stringent. 
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3. 3. 2. 4.1 

No  quantitative  or  qualitative  data  are  available  to  evaluate 

this  requirement.  The  authors  note  a  discrepancy  between  the  wording 

of  the  requirement  and  the  definition  of  Ag  in  6.2.6  of  the  specifi- 

max 

cation.  Paragraph  3. 3. 2. 4.1  specifies  a  step  aileron  command  to,  "cause 

a  60  degree  bank  angle  change  within  Td  or  2  seconds...,"  while  6.2.6 

of  the  specification  defines  A3  as ,"... occurring  within  2  seconds  or 

max 

one  half  -  period  of  the  Dutch  roll..." 

F.  RECOMMENDATIONS 

3. 3. 2. 4 

None 

3. 3. 2. 4.1 

Resolve  discrepancy  between  the  wording  of  the /requirement  and  the 
definition  of  A3  in  paragraph  6.2.6  of  the  specification. 

IucUVi 
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Table  I  (3.3.2.4) 

Sideslip  Excursion  Following  Roll  Command 
Reference  Ml,  F4H-1 


Flight 

Mach  Phase  Cat 

1.390  P  (CRT) 

1.400 
1.S00 
1.520 
1.650 
1.660 
1.711 
1.718 

0.964  P(MRT) 
1.224  P  (CRT) 

1.295 
1.495 
1.519 
1.702 
1.713 
1.912 
1.958 
2.013 
2.042 

0.932  PIMRT) 
1.016  P  (CRT) 
1.036 
1.291 
1.503 
1.516 
1.710 
1.985 
1.994 
1.710 
1.720 

KCAS 

143  PA 

144 
166 
170 
189 
169 
133 
133 
188 
138 

149 

150 
152 
184 
179 
181 
183 


Rolled  in 
Roll  First  sec. 
Direction  (deg) 


Rate  of 
Roll  at 
End  of 
First  sec. 
(deg/sec) 


^1.3  Command 
(deg) 


%ax 

Adverse 


0t, 


Reqm*t  k 


Left 

27 

56 

44 

0.2  90°/1.3sec  .49 

Right 

33 

69 

54 

0.5 

.60 

Right 

21 

53 

37 

-1.3 

.41 

Left 

11 

33 

21 

0.5 

.23 

Left 

15 

27 

23 

0.2 

.25 

Right 

20 

47 

34 

0.8 

.38 

Left 

15 

37 

26 

9.5 

.29 

Right 

24 

56 

41 

-1.1 

,45 

Right 

54 

60 

72 

6.4 

.80 

Left 

33 

118 

68 

1.2 

.76 

Right 

64 

137 

105 

1.0 

1.17 

Left 

31 

100 

61 

0.1 

.68 

Right 

51 

124 

88 

4.3 

.98 

Left 

46 

102 

77 

0.3 

.86 

Right 

37 

110 

70 

0.5 

.78 

Left 

41 

107 

73 

-0.6 

.81 

Right 

43 

112 

77 

0.4 

85 

Left 

33 

85 

58 

-0.5 

.B4 

Right 

27 

93 

55 

2.7 

.61 

Left 

— 

159 

- 

7.3 

1.1 

U 

Right 

— 

92 

- 

-1.2 

Left 

— 

141 

- 

1.6 

Right 

— 

107 

- 

1.3 

Left 

— 

105 

- 

-1.2 

Right 

— 

62 

- 

-0.8 

Left 

— 

25 

- 

-1.3 

Right 

- 

30 

- 

1.3 

Left 

— 

57 

- 

-1.2 

Right 

- 

29 

- 

-1.3 

Left 

56 

— 

0.2 

Estimated 

Specif.  Pilot 

^Allowed  Specif.  Rating 
(deg)  Level  Level 

1 


Right 

Left 

Right 

Left 

Right 

Left 

Right 

Left 

Left 

Right 

Right 

Right 

Left 

Left 

Right 

Left 

Right 


11 

10 

11 

22 

23 

19 

5 

11 

12 

13 

11 

15 

12 

22 

23 

21 

21 


26 

27 

35 

44 
54 
43 
18 
23 
26 
23 
35 
21 
21 

45 
37 
41 
47 


01  Command 
11 
10 
11 
22 
28 
19 
5 
11 
12 
13 
11 
16 
12 
2 
23 
21 
21 


7.8  30°/1.0  sec  .37 


4.9 

7.1 
5.0 
5.0 
4.0 
8.0 

9.5 

7.6 

17.6 

10.0 

6.8 

5.1 
8.3 
6.8 

5.9 

8.1 


.33 

.37 

.73 

.93 

.53 

.17 

.37 

.40 

.43 

.37 

.53 

.40 

.73 

.77 

.70 

.70 


3.0 

3.6 

.8 

1.4 

1.5 
2.3 

1.7 
.9 

4.8 

4.5 
7.0 

4.1 

6.0 

5.2 

4.7 

1.6 

5.2 

1.3 

3.7 
6.0 
2.0 
6.0 

A 


6.0 

2.9 

2.0 

6.0 

3.7 

3.3 

3.7 

7.3 

9.3 

6.3 

1.7 

3.7 
4.0 

4.3 

3.7 

5.3 
4.0 

7.3 

7.7 
7.0 
7.0 


1 

1 

2 

1 

1 

1 

1 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 


3  2 

2 
3 


P.9  0 


Table  II  (3.3.2.4J 

Sideslip  Excursion  Following  Roll  Command 
Reference  W2,  F-4H-1,  ARI  On 


KCAS 

Flight 

Phase 

Cat 

Roll 

Direction 

^1  Command 
(deg) 

^Reqm't 

%3X 

Adverse 

(deg) 

Specif. 

^Allowed 

(deg) 

Specif. 

Level 

126 

PA 

C 

Right 

9 

30°/1.0sec 

.30 

4.7 

3.0 

3 

126 

Right 

16 

.53 

7.8 

5.3 

2 

127 

Left 

5 

.17 

3.7 

1.7 

3 

127 

Left 

18 

.60 

7.2 

6.0 

2 

129 

Right 

17 

.57 

7.7 

5.7 

2 

130 

Right 

18 

.60 

5.7 

6.0 

1 

131 

Left 

14 

.47 

5.2 

4.7 

2 

132 

Left 

11 

.37 

5.1 

3.7 

2 

133 

Left 

18 

.60 

6.0 

6.0 

1 

133 

Left 

13 

.60 

6.5 

6.0 

2 

133 

Left 

:  18 

.60 

8.3 

6.0 

2  •’ 

134 

Right 

18 

.60 

5.9 

6.0 

1# 

1 

136 

Right 

8 

.27 

7.1 

2.7 

3 

141 

Left 

21 

.70 

5.5 

7.0 

1 

141 

Right 

20 

.67 

5.5 

6.7 

1 

141 

Right 

9 

.30 

5.7 

3.0 

3 

142 

Right 

19 

.63 

5.9 

6.3 

1 

142 

Left 

20 

.67 

6.5 

6.7 

1 

142 

Right 

16 

.53 

8.0 

5.3 

3 

142 

Right 

20 

.67 

9.5 

6.7 

2 

143 

Left 

10 

.33 

3.5 

3.3 

2 

144 

Left 

7 

.23 

5.4 

2.3 

3 

ISO 

Left 

20 

.67 

5.1 

6.7 

1 

151 

Right 

7 

.23 

5.5 

2.3 

3 

153 

Left 

22 

.73 

7.5 

7.3 

2 

154 

Left 

23 

.77 

6.3 

7.7 

1 

155 

Right 

21 

.70 

5.1 

7.0 

1 

160 

Left 

15 

.50 

3.7 

5.0 

1 

161 

Right 

29 

.97 

8.2 

9.7 

1 

162 

Left 

23 

.77 

4.1 

7.7 

1 

182 

Right 

27 

.90 

6.4 

9.0 

1 

163 

Right 

22 

.73 

7.3 

7.3 

1 

163 

Left 

13 

.43 

4.1 

4.3 

1 

164 

Right 

29 

.97 

5.1 

9.7 

1 

164 

Right 

20 

.67 

5.3 

6.7 

1 

165 

Right 

20 

.67 

3.9 

6.7 

1 

131 

Right 

9 

.30 

5.1 

3.0 

I 

132 

Left 

16 

.63 

10.2 

5.3 

132 

Right 

9 

.30 

7.7 

3.0 

141 

Right 

13 

.43 

6.6 

4.3 

141 

Left 

23 

.77 

8.1 

7.7 

2 

142 

Right 

18 

.60 

10.7 

6.0 

3 

142 

Left 

9 

.30 

4.8 

3.0 

1 

143 

Right 

20 

.67 

8.8 

6.7 

2 

151 

Right 

8 

.27 

5.4 

2.7 

3 

152 

Left 

27 

.90 

6.6 

9.0 

153 

Left 

18 

.60 

5.7 

6.0 

154 

Right 

23 

.77 

7.0 

7.7 

162 

Right 

26 

.87 

7.6 

8.7 

167 

Right 

26 

.87 

9.0 

8.7 

2 

16B 

Left 

10 

.33 

4.2 

3.3 

5 

Estimated 

Pilot 

Rating 

Level 

1 
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Flight  test  data:  Actual  pilot  ratings 
O  Level  1,  adverse  yaw 


Sideslip  Excursions 
Category  A  Flight  Phase 
Reference  N1,  F-4H-1 
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3. 3.2. 5  Control  of  Sideslip  in  Rolls 

A.  REQUIREMENT 

3. 3.2. 5  Control  of  Sideslip  in  Rolls  -  In  the  rolling  maneuvers 
described  in  3.3.4,  but  with  the  rudder  pedals  used  for  coordination  for 
all  Classes,  directional- control  effectiveness  shall  be  adequate  to  main¬ 
tain  zero  sideslip  with  a  rudder  pedal  force  not  greater  than  50  pounds  for 
Class  IV  airplanes  in  Flight  Phase  Category  A,  Level  l,,and  100  pounds  for 
all  others. 

B.  APPLICABLE  PARAMETERS 

Directional  control  effectiveness  in  rolling  maneuvers. 

C.  F-4  CHARACTERISTICS 

No  F-4  data  are  available  concerning  this  requirement, 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

None. 

E.  DISCUSSION 

None . 

F.  RECOMMENDATION 

None. 
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3. 3.2. 6  Turn  Coordination 


A.  REQUIREMENT 

3. 3.2.6  Turn  Coordination  -  It  shall  be  possible  to  maintain  steady 
coordinated  turns  in  either  direction,  using  60  degrees  of  bank  for  Class  IV 
airplanes ,  45  degrees  of  bank  for  Class  I  and  II  airplanes ,  and  30  degrees 
of  bank  for  Class  III  airplanes ,  with  a  rudder  pedal  force  not  exceeding  1*0 
pounds.  It  shall  be  possible  to  perform  steady  turns  at  the  same  bank  angles 
with  rudder  pedals  free ,  with  an  aileron  stick  force  not  exceeding  5  pounds 
or  an  aileron  wheel  force  not  exceeding  10  pounds.  These  requirements  con¬ 
stitute  Levels  1  and  2  with  the  airplane  trimmed  for  wings-level  straight 
flight . 


B.  APPLICABLE  PARAMETERS 

Rudder  pedal  and  aileron  control  forces  during  steady  turns. 

C.  F-U  CHARACTERISTICS 

No  F-k  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 
None. 

F.  RECOMMENDATION 
None. 
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3.3.3  Pilot-Induced  Oscillations, 

A.  REQUIREMENT 

3.3.3  Pilot-Induced  Oacillationa  -  There  shall  he  no  tendency  for 
sustained  or  uncontrollable  lateral-directional  oscillations  resulting  from 
efforts  of  the  pilot  to  control  the  airplane. 

B.  APPLICABLE  PARAMETERS 

Lateral-directional  pilot-induced  oscillations. 

C.  F-4  CHARACTERISTICS 

No  F-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 
None. 

p.  RECOMMENDATION  - 
None. 
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3.3.1*  Roll  Control  Effectiveness 


A.  REQUIREMENT 

3.3.1*  Roll  Control  Effectlveneaa  -  Roll  performance  in  terms  of  bank 
angle  change  in  a  given  time,  <f>t»  is  specified  in  Table  IX  and  in  3.3.1*.l. 
Aileron  control  commands  shall  be  initiated  from  zero  roll  rate  in  the  form 
of  abrupt  inputs,  with  time  measured  from  the  initiation  of  control-force 
application.  Rudder  pedals  shall  remain  free  for  Class  IV  airplanes  for 
Level  1,  and  for  all  carrier-based  airplanes  in  Category  C  Flight  Phases 
for  Levels  1  and  2;  but  otherwise,  rudder  pedals  may  be  used  to  reduce 
sideslip  that  retards  roll  rate  (not  to  produce  sideslip  that  augments 
roll  rate)  if  rudder  pedal  inputs  are  simple,  easily  coordinated  with 
aileron-control  inputs,  and  consistent  with  piloting  techniques  for  the 
airplane  Class  and  mission.  Roll  control  shall  be  sufficiently  effective 
to  balance  the  airplane  in  roll  throughout  the  Service  Flight  Envelope  in 
the  atmospheric  disturbances  of  3.7.3  and  3.7. h. 


Table  IX.  Roll  Performance  Requirements 


Class 

Flight 

Phase 

Category 

Level  1 

Level  2 ** 

Level  3 

I 

A 

B 

C* 

0t  3  80°  in  1.3  see 

80°  In  1.7  sec 
0t=3O°  In  1.3  sec 

0t  3  60°  in  1.7  sec 
=  60°  in  2.5  sac 

0t  =  3O°  in  1.8  sec 

0t  =  60°  in  2.6  sec 

0t  =  6Q9  in,  3.4  sec 
=  30°  in  2.6  sec 

II 

II 

ll-L 

ll-C 

A 

B 

Cf 

cf 

0tM5°  in  1.4  sec 
0t-45°  in  1.9  sec 
<£t«3Qa  in  1.8  sec 
0t325°  in  1.0  sec 

0ta45°  in  1.9  sec 
<£t  =  45°  in  2.8  sec 
<j)t  -  30°  in  2.5  sec 
=  25°  in  1.5  sec 

3  45°  in  2.8  sec 
=  45°  in  3.8  sec 

0t  =  3O°in  3.6  sec 
=  25°  in  2.0  sec 

III 

A 

B 

C* 

#t  =  30°  in  1.5  sec 
=  30°  in  2.0  sec 
=  30°  in  2.5  sec 

=•  30°  in  2.0  sec 
=  30°  in  3.0  sec 
-  30°  in  3.2  sec 

<pt  3  30°  in  3.0  sec 
=  30°  in  4.0  sec 

3  30°  In  4.0  sec 

IV 

IV 

IV-L 

IV-C 

A* 

B 

Cf 

C+ 

tft  =  90°  in  1.3  sec 

0t  3  90°  in  1.7  sec 
<jbt=30°  in  1.0  sec 
**  30°  in  1.0  sec 

0t  =  9O°  in  1.7  sec 
=  90°  in  2.5  sec 

0t  =  3O°  in  1.3  sec 

0t  =  3O°  in  1.3  sec 

0t  =  90°  in  2.6  sec 
$t  =  90°  in  3.4  sec 
.  0t  3  30°  in  2.0  sec 

0t  =  3O°  in  1.3  sec 

*  Except  as  the  requirements  are  modified  in  3.3, 4.1 


t  For  takeoff,  the  required  bank  angle  can  be  reduced  proportional  to  the  ratio  of  the  maximum  rolling 
moment  of  inertia  for  the  maximum  authorized  landing  weight  to  the  rolling  moment  of  inertia  at 
takeoff,  but  the  level  1  requirement  shall  not  be  reduced  below  the  listed  value  for  level  3. 

**  At  altitudes  below  20,000  feet  at  the  high-speed  boundary  of  the  Service  Flight  Envelope,  the  level  3 
requirements  may  be  substituted  for  the  Level  2  requirements  with  all  systems  functioning  normally. 


"  *'*'>***» 
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B.  APPLICABLE  PARAMETERS 

Bank  angle  attained  in  1.7,  2.5,  and  3.1*  seconds  (CR  configuration) 
and  in  1.0,  1.3,  and  2.0  seconds  (PA  configuration). 

C .  F-U  CHARACTERISTICS 

The  requirement  as  written  is  entirely  new,  and  consequently,  no  F-H 
tests  have  ever  been  performed  in  accordance  with  the  requirement.  However, 
in  view  of  the  importance  of  this  part  of  the  specification,  available  data 
have  been  adapted  where  possible  in  order  to  provide  the  best  feasible 
evaluation. 

F-U  evaluations  usually  present  time-to-bank  to  some  bank  angle  and  a 
steady  state  roll  ratej  the  most  convenient  method  of  converting  these  data 
proved  to  be  conversion  into  a  time  constant  for  an  equivalent  first-order 
response,  and  to  use  the  time  constant  and  the  steady  state  value  to  calcu¬ 
late  a  $  value  at  the  time  required  by  the  specification  assuming  a  step 
aileron  input  at  t  =  0.1  sec.  This  clearly  involves  the  inaccuracies 
incurred  in  assuming  a  first-order  roll  rate  response  which  are  discussed 
under  3. 3. 1.2,  With  the  directional  stability  augmentation  system  engaged 
(which  applies  to  all  the  data  presented  here)  the  magnitude  of  discrepancies 
due  to  the  dutch  roll  should  be  reduced.  Even  so,  trends  should  be  examined 
rather  than  individual  data  points,  and  ir.  particular  the  bank  angles  at 
larger  times  (usually  extrapolated  from  times  to  100°  or  less,  or  bank  angle 
in  the  first  second)  should  be  viewed  with  some  skepticism. 

Test  methods  included  aileron  inputs  of  all  sizes,  however,  only  inputs 
larger  than  97#  Somax  are  considered  in  this  report.  The  rudder  pedals  were 
fixed  in  all  cases.  In  the  PA  configuration,  Davy  reports  have  presented  roll 

performance  data  in  a  maneuver  commencing  with  30°  bank  and  rolling  through 
upright  to  30°  opposite  bank.  During  this  maneuver  the  maximum  roll  rate 
was  measured,  together  with  various  time-to-bank  values.  Examination  of  the 
data  of  References  N1  and  N2  indicates  that  thiB  maximum  value  can  be  read 
as  the  steady  state  roll  rate  for  the  purposes  of  extrapolating  the  data 
into  the  required  form. 

Reference  HI  evaluated  an  F-U  model  with  no  boundary  layer  control 
(BLC)  and  also  assessed  a  non-production  configuration  with  differential 
flaps.  Subsequent  evaluations  were  of  the  aircraft  with  BLC  operating. 
Reference  N2  compared  roll  performance  with  the  Aileron-Rudder  Interconnect 
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(API)  on  and  off;  the  ARI  authority  was  ±5°  in  the  Reference  Hi  evaluation 
and  subsequently  tl5°. 

Figures  1  (3*3.4)  and  4  ( 3 •  3 •  ^* )  show  bank  angles  achieved  in  the  speci¬ 
fied  times  in  order  to  comply  with  the  specification.  Figures  2  (3.3.1*)  and 
5  (3.3.4)  show  times  to  specified  bank  angles,  in  order  to  facilitate  data 

correlation.  Figures  3  (3.3.4)  and  6  (3.3.4)  show  the  data  in  the  p  vs. 

■'ss 

tp  plane.  Reference  B2  states  that  ^  is  a  better  measure  of  performance 
than  t^,  but  uses  t^  for  data  correlation.  Both  representations  are  used  in 
this  validation. 

The  Flight  Phase  Category  A  pilot  ratings  have  all  been  concerned  with 
the  CO  Flight  Phase,  and  so  these  are  presented  under  3. 3. 4. 1.1. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

The  data  following  each  comment  consists  of  an  estimated  time-to-bank 

+  »  a  steady  state  roll  rate  (Pgs)  as  measured  in  actual  flight  test,  and  an 

estimated  roll  mode  time  constant,  t  .  The  aileron  input  was  assumed  to  be 

made  at  t  =  0.1  seconds  when  estimating  (j>  and  The  numerical  values 

ft 

quoted  refer  to  the  data  presented  in  the  figures . 

CR  Flight  Phase  (Category  B) 

°  "Qualitatively,  the  model  F4H-1  airplane  exhibits  excellent  rolling 
performance  in  the  clean  configuration  over  the  entire  flight  envelope. 
Rolling  performance  in  configurations  CR,  P(MRT) ,  and  P(CRT)  is  satisfac¬ 
tory"  [e4].  4>  =  90°  in  .75  to  .95  sec.,  211  <  pgg  <  267  deg/sec.,  .29  < 

' <.58  sec.  Reference  Nl,  F4H-1. 

At  20,000  ft,  in  configuration  CR,  the  airplane  does  not  meet  the 
minimum  rolling  requirements  of  (the  detail  specification]  over  the  full 
airspeed  range.  The  magnitude  of  the  deficiency  was  not  excessive  and 
rolling  performance  in  configuration  CR  is  acceptable"  [E4].  <j>  =  90°  in 

1.6  sec,  pgg  =  140  deg/sec.,  tr  =  1.2  sec.  for  a  typical  point.  Reference 
N4,  YF4H-1. 

0  "The  lateral  control  effectiveness  of  the  aircraft  was  considered 
acceptable."  Since  the  single  cruise  configuration  data  point  achieved 
twice  the  bank  angle  in  one  second  than  achieved  for  some  combat  points, 
which  were  also  rated  acceptable  (i.e.,  level  1  or  2) ,  it  seems  reasonable 
to  assign  Level  1  to  the  CR  point.  $  =  90°  in  .70  sec. ,  p  '  =  240 

deg/sec.,  =  .24.  Reference  Al,  F-4C. 
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o 


"[With  a  simulated  hydraulic  failure  which  left  only  the  left  spoiler 
and  aileron  operative  ] ,  lateral  response  was  sluggish  and  control  effect¬ 
iveness  was  poor  at  210  KCAS  [at  36,000ft ]  Heading  changes  could  be  made,  but 

full  lateral  control  was  needed  to  initiate  changes  in  bank  angle  [rating 
C7.5].  Rolling  performance  to  the  left  (spoiler  effectiveness)  was  about 
one-half  of  that  to  the  right  (aileron  effectiveness)."  Average  <f»  =  90° 
in  2.83  sec.,  pgg  =  40  deg/sec.,  tR  =  .47  sec. 

"The  roll  response  at  high  subsonic  speeds  [36,000  ft]  was  satisfactory 

for  normal  navigational  purposes  [rating  C3]."  <J>  3  90°  in  1.6l  Bec*»pss 

100  deg/sec.,  tr  =  .68  sec. 

"Rolling  performance  to  the  left  below  300  KCAS  [10,000  ft]... was... 
adequate  for  navigational  purposes  [rating  C3  ,  <f>  =  90°  in  3.98  sec., 
o  =30  deg/sec.,  Tn  =  .88  sec.].  Rolling  performance  above  300  KCAS  was 
quite  adequate  for  navigation  (rating  C2]  and  satisfactory  for  non-combat 
maneuvering  [rating  C3]."  (I1  =  90°  in  l.l4  to  3.98  sec,  30  <  pgg  <  l4o. 

.31  <  tr  <  .88.  Reference  H15,  F-fcB.  The  pilot  opinion  of  some  of  these 
results  seems  to  be  ameliorated  by  the  knowledge  that  the  aircraft  is 
operating  with  a  failure. 

PA  Flight  Phase  (Category  C| 

o  "Lateral  control  effectiveness  in  configuration  PA  [no  differential 
flaps,  no  BLC]  is  unacceptable.  The  airplane  exhibits  inadequate  peak  rate- 
of-roll  and  roll  response  in  configuration  PA  at  the  normal  approach  air¬ 
speeds  of  approximately  135  kt. . .Although  an  increase  in  roll  rate  was 
obtained  from  the  differential  flap  configuration,  the  flap  lags  stick 
motion  considerably  and  roll  response  is  still  inadequate.  Improved  roll 
performance  in  configuration  PA  is  mandatory. 

"Final  approach  airspeeds  below  135  kt  IAS  in  moderate  turbulence  are 
unsafe  due  to  the  unacceptable  deterioration  of  lateral  control  effective¬ 
ness  with  decreasing  airspeed..." 

"...on  single  engine... the  minimum  final  approach  speed  should  be  main¬ 
tained  at  145  kt.  The  minimum  airspeed  of  145  kt  enables  the  pilot  to  main¬ 
tain  adequate  lateral  control  and  facilitates  acceleration  should  a  wave-off 
be  required."  Reference  Nl.  These  comments,  together  with  the  comments  and 
data  of  Reference  N2  (q.v.)  were  used  to  assign  the  following  levels  to  the 

Reference  Nl  data: 
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(a)  V  >  170  kts,  Level  lj  <p  =  30°  in  1.2  to  1.78  secs,  37  <  PQ(J  <  55 
deg/Bec,  .27  <  xR  <  .70. 

(b)  ll*5  <  V  <  170  kts.  Level  2j  <p  =  30°  in  1.2  to  1.70  sees,  25  <  p 

SO 

<  49  deg/sec,  ,4l  <  xR  <  1.37. 

(c)  V  <  145  kts.  Level  3;  <{>  a  30°  in  1,65  to  2.77  secs,  19  <  P  <31 

ss 

deg/sec,  .34  <  xR  <  1.23. 

0  "BLC  has  significantly  improved  rate  of  roll  and  roll  response  in 
configuration  PA.  Lateral  control  effectiveness  in  configuration  PA  is  now 
satisfactory  [Level  1]  at  and  above  125  Kt  CAS  with  BLC  operating." 

V  >  125  kts,  Level  1;  $  =  30°  in  1.02  to  1.45  secs,  34  <  P  <71 

8  8 

deg/sec,  .45  <  xR  <  .77. 

"Lateral  control  effectiveness  in  the  single  engine  configuration  (30° 
trailing  edge  flaps  with  leading  edge  BLC  and  no  trailing  edge  BLC)  in  con¬ 
figuration  PA  was  also  evaluated.  Although  the  rolling  performance  obtained 
is  below  that  obtained  in  the  twin  engine  configuration,  it  is  considered 
adequate  at  and  above  130  KCAS.  The  single  engine  configuration  should  not 
be  employed  for  normal  landings  but  should  be  used  only  in  the  event  of  an 
engine  or  BLC  failure . "  Reference  N2,  F4H-1. 

V  =  132  kts,  $  =  30°  in  2.06  sec.,  p  =27  deg/sec,  x  =  1.0  sec. 

SS  IV 

0  "In  general,  the  rolling  performance  with  left  aileron  and  spoiler 
only  in  operation  was  poor  [rating  C6]  but  adequate  for  precautionary 
field  landings..."  Reference  N15,  F-4B. 

155  <  V  <180  kt.  Level  2;  4  =  30°  in  1.7  to  2.45  sec,  18  <  P  < 

SS 

24  deg/sec.,  .33  <  Tn  <  .83. 

AV 

0  "Roll  performance  in  configurations  PA  and  L  was  extremely  poor 
where  full  lateral  control  deflections  resulted  in  excessive  times  to 
achieve  a  30°  bank  angle... poor  roll  response  in  configuration  PA  increases 
the  pilot's  workload  during  approaches  in  gusty  wind  conditions  or  in  turbu¬ 
lence  on  the  glideslope  and  increases  the  possibility  of  landing  one  wheel 
first  because  of  a  wing  drop  near  touchdown. .  .poor  roll  performance. .  .limits 
mission  effectiveness  and  correction  is  desirable  for  improved  service  use." 
Reference  Nl8,  F-4J. 

159  <  V  <  199  Kts,  Level  2;  <j>  =  30°  in  .95  to  1.17  secs, 

45  <  Pgg  <  65  deg/sec.,  .17  <  xR  <  .58. 
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E.  DISCUSSION 

CR  Flight  Phase  ( Category  __B)_ 

Figures  1  (3.3.1*)  and  2  (3.3.4)  show  good  correlation  between  the 
specification  requirements  and  F-4  data.  The  only  Level  2  rated  point  is 
in  the  specification  Level  1  area,  however,  it  is  close  to  the  boundary. 

The  single  point  rated  Level  1  at  73°  in  3.4  seconds  is  a  failure  case 
from  Reference  N15,  and  was  assigned  a  rating  of  C3  ("adequate  for  naviga¬ 
tional  purposes").  Although  it  is  difficult  to  believe  that  this  roll 
performance  represents  the  same  level  of  flying  qualities  as  the  other  Level 
1  data  on  the  same  plot,  it  does  at  least  indicate  that  navigational  maneu¬ 
vers  can  be  accomplished  with  lower  roll  performance  than  the  specification 
Level  3  "floor".  A  single  data  point  is  not,  however,  felt  to  be  sufficient 

Justification  to  recommend  a  specific  change. 

Because  it  would  seem  reasonable  that  initial  roll  response  would 
influence  the  pilot's  opinion  of  roll  performance,  the  data  are  also  com¬ 
pared  with  the  specification  boundaries  drawn  on  the  P0S  vs.  tR  plane  m 
Figure  3  (3.3.4).  This  follows  the  approach  of  Reference  Bll  and  assumes 
that  the  roll  response  conforms  to  the  first  order  representation  discussed 
in  C.  above.  The  data  point  rated  Level  2  which  falls  in  the  specification 
Level  1  area  has  a  time  constant  which  is  fairly  close  to  the  specification 
Level  2  tR  boundary,  which  better  explains  the  assigned  rating.  However, 
this  plot  does  not  help  to  Justify  the  Level  1  rating  assigned  to  the 
point  which  falls  outside  the  specification  Level  3  area. 

PA  Flight  Phase  ( Category.. C) 

Figure  4  (3.3.4)  Bhows  some  inconsistency  in  the  pattern  of  data,  but, 
in  general,  the  concentration  of  Level  1  rated  points  corresponding  to 
specification  Level  2  indicates  that  the  requirements  are  too  stringent.  A 
Level  1  minimum  time-to-bank  of  30°  in  1.3  seconds  would  fit  P-4  data 
better  (Figure  5  (3.3.4)),  although  this  would  not  exclude  all  the  Level  2 
rated  data.  However,  the  pilot  comments  suggest  fairly  strongly  that  some 
daxa  points  rated  Level  2  at  higher  airspeeds  might  more  accurately  be 
assigned  Level  1  flying  qualities,  which  lends  further  support  to  relaxa¬ 
tion  of  the  Level  1  boundary.  There  are  not  enough  data  available  to 
recommend  specific  changes  to  the  Level  2  boundaries,  however,  there  are 
four  data  points  which  indicate  rather  definitely  that  the  Level  3  minimum 
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boundtuy  could  be  relaxed.  The  Level  3  data  point  at  t^0  =  2.77  secs, 
represents  the  worst  of  the  "unacceptable”  Reference  HI  data,  and  so  is 
probably  almost  outside  Level  3. 

The  t^Q  data  of  Figure  5  (3. 3.1*)  suggest  that  the  pilot  opinion  rating 
may  be  a  function  of  speed.  This  would  appear  to  be  the  same  kind  of  effect 
noted  with  respect  to  failures,  i.e.,  if  the  pilot  expects  a  degradation  in 
flying  qualities  for  any  reason,  his  ratings  tend  to  be  lenient  when  it 
occurs. 

Figure  6  (3.3.*»)  would  seem  to  emphasize  the  impression  gained  in 
validation  of  3. 3.1.2  that  roll  mode  time  constant  alone  is  not  a  reliable 
predictor  of  pilot  rating  in  the  PA  Flight  Phase. 

F.  RECOMMENDATION 

Category  B  Flight  Phases 

None . 

Category  C  Flight  Phases 

For  Class  IV-L  and  -C  aircraft ,  the  Level  1  minimum  time  to  bank  to 
30°  should  be  relaxed  to  1.3  seconds  and  the  lower  Level  3  boundary  should 
be  relaxed  to  30°  in  2.8  seconds. 
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Mach  Number 


Figure  1  (3.3.4) 

Roll  Control  Effectiveness 
CR  Configuration 
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Time-To-Bank 
90°  (sec) 


Test  data:  Actual  pilot  stings 
O  Level  1 


/ 


Figure  2  (3.3.4) 

Roll  Control  Effectiveness 
Time-To-Bank  9D°,  CR  Configuration 


30 


/ 


/ 


/ 


Test  data:  Actual  pilot  ratings 

O  Level  1 

®  Level  2 

$  Level  3 

Cf  Failure  data 

Based  on  full  aileron  step  at  t  =  0.1  sec. 


Figure  3  (3.3.4) 

Roll  Performance  and  Roll  Mode  Requirements 
CR  Configuration 
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Bank  Angle  in 
1.0  Seconds (deg) 
<*1.0 


Bank  Angle  in 
1.3  Seconds  (deg) 
01.3 


Bank  Angle  in 
2.0  Seconds (deg) 
^2.0 


Test  data:  Actual  pilot  ratings 

O  Level  1 

®  Level  2 

•  Level  3 

Cf  Failure  data 

Based  on  full  aileron  step  at  t  «=  0.1  sec. 


Specification  Level  1 
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Figure  4  (3.3.4) 

Roll  Control  Effectiveness 
PA  Configuration 
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Test  data:  Actual  pilot  ratings 

O  Level  1 

Cl  Level  2 

9  Level  3 

Cf  Failure  data 

BLC  on/off,  ARI  on/off,  and  differential  flap  data  included. 
Based  on  full  aileron  step  at  t  -  0.1  sec. 


Figure  6  (3.3.4) 

Roil  Performance  and  Roll  Mode  Requirements 
PA  Configuration 
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3. 3.4.1  Roll  Performance  for  ClasB  IV  Airplanes 


3. 3. 4. 1.1  Air-to-Air  Combat 

A.  REQUIREMENT 

3. 3. 4.1  Roll  Performance  for  Class  IV  Airplanes  -  Additional  or  alter¬ 
nate  roll  performance  requirements  are  specified  for  Class  IV  airplanes  in 

3. 3. 4. 1.1  through  3. 3. 4. 1.4.  These  requirements  take  precedence  over  Table 
IX. 

3. 3. 4. 1.1  Air-to-Air  Combat  -  For  Class  IV  airplanes  in  Flight  Phase 
CO,  the  roll  performance  requirements  are: 


Time  to  roll  through 
90  degrees  360  degrees 

(a)  Level  1 - - -  1.0  second  2.8  seconds 

(b)  Level  2 -  1.3  seconds  3.3  seconds 

(c)  Level  3---  -  -  -  1.7  seconds  4.4  seconds 


B.  APPLICABLE  PARAMETERS 

Bank  angle  attained  in  1.0,  1.3,  1.7,  2.8,  3.3,  and  4.4  seconds  and 
time  to  bank  to  90  and  360  degrees  in  configuration  CO. 

C.  F-4  CHARACTERISTICS 

The  same  approach  to  reducing  the  data  to  the  required  form  is  followed 
as  in  paragraph  3.3.4.  Figures  1  (3. 3. 4.1.1)  and  2  (3. 3. 4.1,1)  show  the 
bank  angles  achieved  in  the  specified  times,  and  Figures  3  (3. 3. 4.1.1)  and 
4  (3. 3. 4.1.1)  show  the  times  to  specified  bank  angles.  Figure  5  (3. 3. 4.1.1) 
shows  the  data  in  the  Pss  vs.  tr  plane.  It  should  be  noted  that  the  greatest 
inaccuracies  probably  occur  in  the  estimated  bank  angles  at  2.8,  3.3,  and  4.4 
seconds  (Figures  2  (3.3.4. l.l)  and  4  (3*3. 4.1.1)) . 

All  the  available  data  were  obtained  at  Ig  normal  load  factor.  The 
requirements  must  be  met  throughout  the  appropriate  flight  envelopes  and 
hence,  also,  at  load  factors  up  to  and  including  those  specified  in  3.1.7 
and  3.1.8.  No  background  to  this  requirement  can  be  presented. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

As  for  paragraph  3.3.4,  the  numerical  values  following  each  comment 
consist  of  the  relevant  time— to-bank,  steady  state  roll  rate  and  estimated 
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roll  time  constant  of  data  used  in  this  report. 

o  "Qualitatively ,  the  model  F4H-1  airplane  exhibits  excellent  rolling 

performance  in  the  clean  configuration  over  the  entire  flight  envelope. 
Rolling  performance  in  configurations  CR,  P(MRT)  and  P(CRT)  is  satisfac¬ 
tory."  Reference  Nl,  F4H-1.  1.22  <  M  <  2.04,  Level  1;  <j)  =  90°  in  1.4  to 
1.9  secs.,  <p  =  360°  in  3.33  to  4.27  secs.,  138  <  P  <  162,  1.10  <  t  <  1.90. 

^  SS  R 

o  ...roll  response. . .not  sufficient  for  combat  maneuvering  [rating 

C 6],  M  =  .9,  Level  2;  <j>  =  90°  in  1.6l  secs.,  P  =  100  deg/sec.,  t.,  =  .68. 

"...extremely  poor  for  tactical  maneuvering  [rating  C6]."  V  =  250  Kts, 
Level  2;  <j>  =  90°  in  3.98  secs.,  <j>  =  360°  in  12.0  secs.  P  =30  deg/sec, 

3  S 

xR  =  .88. 

"...satisfactory  for  non-combat  maneuvering  [rating  C3]."  Reference 
N15,  F-4B  (Failure  data).  This  was  arbitrarily  assigned  a  Level  2  rating  for 
Flight  Phase  CO.  340  <  V  <  520  Kts,  Level  1;  <f>  =  90°  in  1.14  to  1.21  secs., 

$  =  360°  in  3.11  to  5.55  secs.,  70  <  P  <  140  deg/sec.,  .31  <  t_  <  .43. 

SS  R 

o  "Air-to-air  combat  maneuvering  requires  rapid  roll  response  over 

the  entire  usable  speed  range  of  the  aircraft  at  any  altitude.  The  ability 
to  command  rapid  changes  in  bank  angle  at  low  speeds  such  as  in  a  high 
"yo-yo"  and  at  high  speeds  during  tracking  is  a  necessity.  Time  to  achieve 
a  given  bank  angle  was  satisfactory  in  the  F-4J  only  between  0.7M  and  1.2M 
at  20,000  ft.  [0.79  <  M  <  1.11,  Level  1;  $  =  90°  in  .69  to  .85  sec.,  = 

360°  in  1.84  to  2.29  sec.,  200  <  Poo  <  240  deg/sec,  0.2  <  t_  <  0.4  sec.]  and 

between  0.9  M  and  1.2  M  at  35,000  to  40,000  ft.  [0.98  <  M  <  1.10,  Level  1; 

=  90°  in  .9  sec.,  <f>  =  360°  in  2.25  to  2.37  secs,  190  <  P  <  210  deg/sec, 
.38  <  <  ,45  sec.]  Above  or  below  these  speeds  the  F,-4j  required  excessive 

time  to  change  bank  angle  and  thereby  limits  mission  effectiveness  in  the 
air-to-air  combat  mission. . .correction  of  the  inadequate  roll  performance  is 
desirable  for  improved  service  use." 

At  20,000  ft:  .45  <  M  <.68,  Level  2,  <t>  =  90°  in  .82  to  1.75  secs., 

<P  =  360°  in  2.29  to  5.0  secs.,  .30  <  tr  <  . 64 i  1.29  <  M  <  1.49,  Level  2, 

41  =  90°  in  1.06  to  1.20  secs.,  <j>  =  360°  in  3.22  to  3.69  secs.,  105  <  P  < 

125  deg/sec.,  .20  <  t  <.23  sec. 

At  35,000  ft:  .80  <  M  <  .87,  Level  2 ,  <j>  =  90°  in  .95  to  1.11  secs., 

<P  =  360°  in  2.35  to  3.09  secs.,  l40  <  P  <  210  deg/sec.,  .4l  <  r  <  .56 

SS  R 

sec;  1.43  <  M  <  2.0,  Level  2,  <|>  =  90°  in  1.10  to  1.20  secs.,  <f>  =  360°  in 
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^  tec  ^Q  <  X  ^  *62  BSC  * 

2.91  to  3.16  boos.,  W  c  pss  '  ’  ‘  ®  „ere  utilized  to  attain  the 

«  “°k?it  ^  control  forces  reared  for  full 

roll  performance  discussed  abo  .  ^  election  itself  was  not. 

lateral  deflection  were  satisfactory,  ’  ^  ^  ^  reaponse,  the 

In  any  airplane  where  tactical  maneuver!  ^an  full  laterai  control. 

desired  response  ^  “ ^“^0  utilise  full  lateral  control  to  obtain 

In  the  F-W,  the  pilot  is  ret  the  basic  aircraft 

,rM  „h  is  still  inadequate  to  perrorm 
roll  performance  which  is  sw.* 

mission  effectively."  ^  ^  ^  in  aU  teBt  speeds 

o  fctuiremei ■*.  oi M a  -  ^  a„ova  35,000  ft.  The 

ana  altitude  ranges  excep  a  o  ^  n  ua3  conaidered  acceptable." 

lateral  control  effeotivaness  of  the  aircra 

Heference  Al,  F-W-  f_lng  qualities  to  the  roll  perfor- 

Xt  was  decided  to  assign  vWch  waa  assigned  level  2. 

mance  except  for  the  data  point  above  ^  ^  ,  .  36oc  ta 

1,1  *  m  *  i;7o>15;t:  P  ■  <  22o  •*  <  ^  m  ° i/99, 

2.97  to  3.03  sees.,  150  s8  ^Q„  in  3.7  3eca. ,  Pa  ■  120  dag/sec. , 

bevel  2;  *  =  90°  in  1.36  sees.,  *  -  360 

=  .59  sec. 

E.  DISCUSSION  on  exaxaining  Figures  1  (3. 3.4.1. l) 

The  first  observation  x  rated  points  fall  in  the 

through  b  (3- 3. U. 1.1)  is  that  a  nm  8  t  ide  it.  The  majority  of  these  data 

specification  Level  3  area^°r^  °  mentioned  previously  under  3.3.1.2, 
Were  tahen  from  Reference  ^  ^  roll  performance 

was  possibly  rather  lenie  i,  reports.  The  same  might  apply  to  the 

as  "excellent"  when  Be£ere„ce  AX.  The  level  2  data 

data  point  at  M  =  1.1  v  c  simulated  lateral  control  system  failure 

point  at  M  =  .62  was  °Ltaine  wi  ^  the  Level  2  rating  was  assumed 

(see  Keference  *15  comments  •  non.comtat  maneuvering; 

because  the  roll  performance  was  rated  Level 

a!l  of  this  mshes  Sl8,  which  gives  an 

Most  of  the  remaining  poi  of  air-to-air 

— r-r.  —  —  -  -  •  - 

312 


evaluation  of  the  F— i*  in  its  Normal  State,  more  weight  should  be  attached 
to  its  pilot  comments  than  to  those  of  the  other  reports. 

Considering  the  Reference  Nl8  data  points  alone.  Figures  1  (3. 3. 4.1.1) 
through  4  (3. 3. 4.1.1)  demonstrate  excellent  agreement  with  the  specification 
Level  1  and  2  requirements.  The  pilot  comments  indicate  that  the  Level  2  data 
points  at  M  =  0.68  and  M  =  .87  are  close  to  the  Level  1/2  borderline,  and  so 
might  equally  be  assigned  Level  1  rather  than  Level  2  ratings.  It  could  be 
argued  that  the  single  data  point  at  M  =  .46  rated  Level  2  which  falls  out¬ 
side  the  Level  3  requirement  might  equally  have  been  assigned  Level  3,  since 
the  roll  performance  it  represents  is  considerably  worse  than  the  general 
spread  of  data  which  Reference  Nl8  describes  as  "inadequate."  Again,  it  must 
be  emphasized  that  these  data  were  obtained  in  Ig  flight. 

Figure  5  (3. 3. 4.1.1)  shows  that  the  roll  mode  time  constant  provides 
little  correlation  with  pilot  opinion  in  air-to-air  combat. 

The  Reference  Nl8  comment  on  cockpit  control  deflection  requirements 
is  at  variance  with  the  specification  requirement  that  full  aileron  control 
can  be  used  to  obtain  the  roll  performance  discussed  in  this  paragraph.  It 
is  not  entirely  clear  from  the  comment  whether  the  pilot  is  concerned  with 
the  fact  that  the  cockpit  control  movements  are  physically  too  large,  or 
whether  he  feels  that  some  roll  performance  should  be  available  in  reserve 
over  and  above  that  which  is  sufficient  to  fly  the  mission  satisfactorily. 

F-4  experience  shows  that  providing  an  aircraft  with  Level  1  air-to-air 
combat  roll  performance  over  a  large  flight  envelope  can  be  difficult;  that 
this  should  be  attainable  with  less  than  full  control  movement  would  com¬ 
pound  the  difficulties,  and  possibly  introduce  new  problems  such  as  lateral 
control  sensitivity  or  lateral  PIO  tendencies  at  some  flight  conditions. 

Evaluation  of  the  F-4  test  data  and  opinions  lends  weight  to  the  notion 
that  the  operational  requirements  for  roll  control  effectiveness  are  in¬ 
creasing  as  time  passes.  This  may  be  due  not  only  to  general  continuing 
improvements  in  aircraft  design  expected  by  pilots,  but  also  to  corres¬ 
ponding  improvements  in  the  capabilities  of  likely  opponents  in  contemporary 
air-to-air  combat.  Reference  B2  mentions  that  the  requirements  for  present- 
day  missions,  as  expressed  by  operational  personnel,  have  increased  since 
Reference  B12  was  published.  Since  early  F-4  evaluations  such  as  References 
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N1  and  N2  are  contemporary  with  Reference  B12,  the  reason  for  the  leniency 
of  their  pilot  ratings  becomes  clearer. 

The  unreliability  of  Level  3  ratings  in  general  is  well  known,  and  for 
the  CO  Plight  Phase  the  meaning  of  Level  3  is  rather  ill-defined.  For 
instance,  in  stating  that  roll  performance  is  "inadequate  to  perform  the 
basic  aircraft  mission  effectively,"  Reference  Nl8  is  virtually  using  the 
wording  of  the  Level  3  definition  in  Paragraph  1.5  of  the  specification, 
yet  the  other  comments  indicate  that  the  ratings  are  all  Level  1  or  2. 
Certainly  the  mission  could  be  terminated  safely  from  the  pure  flying 
qualities  point  of  view,  but  the  concept  of  safety  takes  on  a  new  connota¬ 
tion  in  Flight  Phase  CO.  It  is  considered  that  Level  3  for  Flight  Phase  CO 
should  be  more  closeiy  defined  in  terms  of  feasibility  of  breaking  off  an 
engagement,  escape  from  an  opponent,  or  kill  probability. 

F.  RECOMMENDATIONS 

The  following  statement  should  be  added  to  the  end  of  the  requirement: 
"The  Level  3  requirement  may  be  relaxed  provided  that  the  resulting 
roll  performance  is  adequate  to  break  off  an  engagement  and  escape 
from  an  opponent. 
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3. 3. 4.  1.2  Ground  Attack  with  External  Stores 

3. 3. 4. 1.3  Roll  Rate  Characteristics  for  Ground  Attack 

A.  REQUIREMENT 

3. 3. 4. 1.2  Ground  Attack  with  External  Stores  -  The  roll  performance 
requirements  for  Class  IV  airplanes  in  Flight  Phase  GA  with  large  comple¬ 
ments  of  external  stores  may  he  relaxed  from  those  specified  in  Table  IX, 
subject  to  approval  by  the  procuring  activity.  For  any  external  loading 
specified  in  the  contract,  however,  the  roll  performance  shall  be  not  less 
than: 

(a)  Level  1 _ — - 90  degrees  in  1.7  seconds 

(b)  Level  2 _ 90  degrees  in  2.6  seconds 

(c)  Level  3 _ 90  degrees  in  3.4  seconds. 

For  any  asymmetric  loading  specified  in  the  contract,  aileron  control  power 
shall  be  sufficient  to  hold  the  wings  level  at  the  maximum  load  factors 
specified  in  3. 2. 3. 2  in  the  atmospheric  disturbances  of  3.7.3. 

3. 3. 4. 1.3  Roll  Rate  Characteristics  for  Ground  Attack  -  Class  IV 
airplanes  in  Flight  Phase  GA  shall  be  able  to  roll  through  180  degrees  in 
not  more  than  twice  the  time  to  roll  through  90  degrees.  This  requirement 
specifies  Level  1  with  the  rudder  pedals  remaining  free  throughout  the 
maneuver  and  Levels  2  and  3  with  the  rudder  pedals  employed  to  reduce 
sideslip  in  the  manner  described  in  3.3.4. 

(Table  IX  is  presented  with  the  validation  of  paragraph  3.3.4), 

B.  APPLICABLE  PARAMETERS 

Time  to  bank  90°  and  l80°  in  configuration  GA. 

C.  F-4  CHARACTERISTICS 

The  available  F-4  data  concerned  with  roll  performance  and  roll  rate 
characteristics  with  external  stores  are  included  in  the  validation  of 
3. 3.4.1. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Ho  f-4  pilot  comments  are  concerned  specifically  with  roll  characteris¬ 
tics  during  ground  attack  with  external  stores.  . 

E.  DISCUSSION 

None. 

F .  RECOMMENDATION 

None . 
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3. 3.^. 1.4  Boll  Response 

A.  REQUIREMENT 


3. 3. 4.1,1*  Roll  Response  -  Stick-controlled  Class  IV  airplanes  in 
Category  A  Flight  Phases  shall  have  a  roll  response  to  aileron  control 
force  not  greater  than  15  degrees  in  1  second  per  pound  for  Level  1,  and 
not  greater  than  25  degrees  in  1  second  per  pound  for  Level  2.  For  Cate¬ 
gory  C  Flight  Phases,  the  roll  sensitivity  shall  be  not  greater  than  7-5 
degrees  in  1  second  per  pound  for  Level  1,  and  not  greater  than  12.5 
degrees  in  1  second  per  pound  for  Level  2.  In  case  of  conflict  between 
the  requirements  of  3. 3. 4. 1.4  and  3. 3. 4. 2,  the  requirements  of  3. 3. 4. 1.4 
shall  govern. 

B.  APPLICABLE  PARAMETERS 

Roll  sensitivity  for  Class  IV  airplanes. 

C.  F-4  CHARACTERISTICS 

No  F-4  data  are  available  concerning  this  requirement , 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

None. 

E.  DISCUSSION 

None . 

F.  RECOMMENDATION 


None. 
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3. 3. 4.2  Aileron  Control  Forces 

A.  REQUIREMENT 


v+  ,3'3'4-2  Aileron  Control  Forces  -  The  stick  or  wheel  force  required  to 
obtain  the  rolling  perfomance  specified  in  3.3.4  and  3. 3. 4.1  shall  be  neither 
greater  than  the  maximum  in  Table  X  nor  less  than  the  breakout  force  plus: 


(a) 

Level 

1  — 

(b) 

Level 

2  — 

(c) 

Level 

3  — 

Table  X 

Maximum  Aileron  Control  Force 


Level 

Class 

Flight  Phase 
Category 

Maximum 

Stick  Force 
(lb) 

Maximum 

Wheel  Force 
(lb) 

1 

1,  II  C,  IV 

A.  B 

20 

40 

C 

20 

20 

ILL,  III 

A,  8 

25 

50 

C 

25 

25 

2 

1,  II-C,  IV 

A,  B 

30 

60 

C 

20 

20 

ML,  III 

A,  B 

30 

60 

C 

30 

30 

3 

ALL 

ALL 

35 

70 

B.  APPLICABLE  PARAMETERS 

The  rolling  performance  in  3-3.4  and  3. 3. 4.1  was  obtained  using  full 
lateral  stick  throw;  therefore,  in  the  case  of  the  F-4,  the  specified  forces 
apply  to  full  lateral  stick  deflections . 

C.  F-4  CHARACTERISTICS 

The  only  available  comment  and  data  appear  in  the  asymmetric  store 
configuration  evaluation  of  Reference  N10. 
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D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

In  a  landing  evaluation  of  asymmetric  loading  configurations.  Reference 
N10  stated: 

o  "Lateral  stick  force  required  for  full  control  displacement  averaged  21 
lb,  with  full  lateral  trim  set.  This  maneuvering  force  gradient  and  full 
throw  magnitude  were  satisfactory  (C3)."  Reference  N10,  F-^B. 

E.  DISCUSSION 

The  stick  force  noted  in  Reference  N10  is  marginally  greater  than  the 
maximum  stick  force  allowed  by  the  specification  for  Level  1  flying  qualities 
in  Category  C  Flight  Phases.  The  fact  that  the  comment  is  representative  of 
Level  1  flying  qualities  may  be  influenced  by  the  pilot's  awareness  of  the 
asymmetric  loading  condition.  Strictly,  the  force  value  falls  inside  the 
specification  definition  of  Level  3.  This  emphasizes  the  inadequacy  of 
requirements  which  do  not  specify  a  Level  2  band  separating  Levels  1  and  3; 
these  Levels  according  to  Figure  1  (i)  represent  markedly  different 
standards  of  mission  suitability. 

F.  RECOMMENDATIONS 

None . 
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3. 3. *+.3  Linearity  of  Roll  Response 

A.  REQUIREMENT 

3. 3. 4, 3  Linearity  of  Roll  Response  -  There  shall  be  no  objectionable 
nonlinearities  in  the  variation  of  rolling  response  with  aileron  control 
deflection  or  force.  Sensitivity  or  sluggishness  in  response  to  small 
aileron  control  deflections  or  forces  shall  be  avoided. 

B.  APPLICABLE  PARAMETERS 
Roll  response  linearity. 

C.  P-4  CHARACTERISTICS 

No  F-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 
None. 

F.  RECOMMENDATION 
None. 
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3.3.^.^  Wheel  Control  Throw 


A.  REQUIREMENT 

3. 3.^ .4  Wheel  Control  Throw  -  For  airplanes  with  wheel  controllers, 
the  wheel  throw  necessary  to  meet  the  roll  performance  requirements  speci¬ 
fied  in  3.3.^  shall  not  exceed  60  degrees  in  either  direction.  For  com¬ 
pletely  mechanical  systems,  the  requirement  may  be  relaxed  to  80  degrees, 

B.  APPLICABLE  PARAMETERS 

C .  F-lt  CHARACTERISTICS 

This  requirement  does  not  apply  to  the  F-4. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

None, 

E.  DISCUSSION 

None. 

F.  RECOMMENDATION 

None. 
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3.3.fc.5  Pudder-Pedal-Induced  RoIIr 

A.  REQUIREMENT 

3.3. 5  Rudder-Pedal-Induced  Rolls  -  For  Levels  1  and  2,  it  shall  be 
possible  to  raise  a  wing  by  use  of  rudder  pedal  alone,  with  right  rudder 
pedal  force  required  for  right  rolls  and  left  rudder  pedal  force  required 
■  or  left  rolls.  For  Level  1,  with  the  aileron  control  free,  it  shall  be 
v  possible  to  produce  a  roll  rate  of  3  degrees  per  second  with  an  incremental 
rudder  pedal  force  of  50  pounds  or  less.  The  specified  roll  rate  shall  be 
■'  \  ainable  From  coordinated  turns  at  up  to  130  degrees  bank  angle  with  the 
i  > ’plane  trimmed  for  wings-level,  zero-yaw-rate  flight. 

B.  APPLICABLE  PARAMETERS 

Roll  rate  due  to  rudder  pedal  input. 

C.  F-L  CHARACTERISTICS 

No  F-i*  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

None. 

E.  DISCUSSION 

None. 

F.  RECOMMENDATION 

None. 
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3-3-5  Directional  Control  Characteristics 


A-  REQUIREMENT 

3-3-5  Directional  Control  Characteristics  -  Directional  stability  and 
control  characteristics  shall  enable  the  pilot  to  balance  yawing  moments 
and  control  yaw  and  sideslip-  Sensitivity  to  rudder  pedal  forces  shall  be 
sufficiently  high  that  directional  control  and  force  requirements  can  be 
met  and  satisfactory  coordination  can  be  achieved  without  unduly  high 
rudder  pedal  forces.,  yet  sufficiently  low  that  occasional  improperly 
coordinated  control  inputs  will  not  seriously  degrade  the  flying  qualities. 

3- 3-5-1  Directional  Control  with  Speed  Change  -  When  initially  trimmed 
directionally  with  symmetric  power,,  the  trim  change  of  propeller-driven 
airplanes  with  speed  shall  be  such  that  straight  flight  can  be  maintained 
over  a  speed  range  of  £30  percent  of  the  trim  speed  or  ±100  knots  equivalent 
airspeed,  whichever  is  less  (except  where  limited  by  boundaries  of  the 
Service  Flight  Envelope)  with  rudder  pedal  forces  not  greater  than  100 
pounds  for  Levels  1  and  2  and  not  greater  than  l80  pounds  for  Level  3,  with¬ 
out  retrimming-  For  other  airplanes,  rudder  pedal  forces  shall  not  exceed 
40  pounds  at  the  .specified  conditions  for  Levels  1  and  2  nor  180  pounds  for 
Level  3- 


3-3-5-1-1  Directional  Control  with  Asymmetric  Loading  -  When  initially 
trimmed  directionally  with  each  asymmetric  loading  specified  in  the  contract 
at  any  speed  in  the  Operation  Flight  Envelope,  it  shall  be  possible  to  .main¬ 
tain  a  straight  flight  path  throughout  the  Operational  Flight  Envelope  with 
rudder  pedal  forces  not  greater  than  100  pounds  for  Levels  1  and  2  and  not 
greater  than  l80  pounds  for  Level  3,  without  retrimming.. 

3-3-‘5-2  Directional  Control  in  Wave-Off  (Go-Around)  -  For  propeller- 
driven  (Class  !V,  and  all  propeller-driven  carrier-based  airplanes,  the 
response  to  thrust,  configuration,  and  airspeed  change  shall  be  such  that 
the  pilot  can  maintain  straight  flight  during  wave-off  (go-around)  initiated 
at  speeds  down  to  Vg  (PA.)  with  rudder  pedal  forces  not  exceeding  100  pounds 
when  trimmed  at  Xom^nfcPA)-  For  other  airplanes,  rudder  pedal  forces  shall 
''.ot  exceed  40  pounds  for  the  specified  -conditions.. 


E-  APPLICABLE  PARAMETERS 
(l)  Rudder  Pedal  Forces s 

(a)  with  speed  change  (3- 3-5-1) 

(:b)  with  asymmetric  loading  (3-  3-  5-1-1) 

(c)  during  wave-off  (3-  3-5-2) 

.(.2)  Rudder  Pedal  Sensitivity 
C-  F-4  CHARACTERISTICS 

With  the  -exception  of  some  limited  asymmetric  loading  control  require¬ 
ment  data  given  in  -Reference  A7  ((Pigure  1!( 3-3-5 )  )*  the  F— 4  pedal  force  data 
are  all  qualitative 
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As  described  in  Section  II. 2. 2,  the  directional  feel  system  on  the 
F-4  employs  a  force  gradient  switchover  which  provides  a  low  sensitivity 
(approximately  0.1  deg/lb)  at  high  aircraft  speeds  and  a  high  sensitivity 
(approximately  0.4  deg/lb)  at  low  speeds.  This  enhances  rudder-pedal 
sensitivity  through  a  wide  range  of  airspeeds . 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

3. 3.5.1 

Reference  N2  complained  of  a  gradual  directional  trim  change  occur- 
ring  during  supersonic  (1.6  -  1.8  IMN)  speed  changes.  Quantitative  data 
were  not  provided  and  no  mention  has  heen  made  of  this  phenomenon  ip  sub- 

sequent  test  programs. 

Reference  N15  tested  directional  characteristics  with  loss  of  utility 
hydraulic  system  pressure,  which  is  a  failure  mode.  In  this  backup  mode, 
the  pilot  must  manually  oppose  aerodynamic  hinge  moments: 

0  "The  test  airplane  exhibited  unsymmetrical  directional  characteris¬ 
tics  when  utility  hydraulic  pressure  was  shut  off. . .The  airplane  would  yaw 
to  the  right  and  the  rudder  would  trail  to  about  1.5  degrees  ANR.  Maximum 
manual  rudder  pedal  deflection  in  configuration  PA  would  result  in  a  rudder 
deflection  of  one  degree  ANL,  which  was  insufficient  to  reduce  the  left 
sideslip  to  zero.  Although  undesirable  for  test  purposes,  the  asymmetry 
did  present  the  worst  case,  especially  for  single-engine  A/B  wave-offs 
(with  utility  system  failure)."  Reference  N15,  F-4B 
3.3. 5.1*1 

A  number  of  reports  have  evaluated  F-4  flying  qualities  with  asymmetric 
store  loadings  (References  N10,  N19,  N2 6).  However,  these  have  aMost  ex¬ 
clusively  been  concerned  with  lateral  control  forces/deflection/trim 
characteristics  rather  than  directional  characteristics. 

Take-off  characteristics  with  asymmetric  store  loadings  were  evalu¬ 
ated  in  Reference  N19: 

0  "Take-offs  (with  234,128  in-lb  asymmetric  lateral  moment)  were  satis¬ 
factory  with  lateral  trim  set  at  neutral.  Some  left  aileron  was  required 
after  lift-off  to  maintain  wings  level,  hut  the  control  forces  rapidly  re¬ 
duced  to  zero  as  the  airplane  accelerated.  No  directional  problems  were 
noted.  Take-offs  (with  308,105  in-lb  asymmetric  lateral  moment)  were 
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characterized  "by  a  tendency  for  the  nose  to  turn  into  the  heavy  wing  there¬ 
by  requiring  some  left  rudder  or  nose  wheel  steering  for  directional  con¬ 
trol.  Lateral  trim  was  set  full  left  for  take-offs  in  [this  loading]  and 
with  a  nose  wheel  lift-off  speed  of  170  kt  lateral  control  was  adequate. 

The  full  aft  stick  take-off  technique  was  not  used  for  any  take-offs  with 
asymmetric  loads."  Reference  N19,  F-kJ . 

The  following  asymmetric  loading  configurations  were  evaluated  on  an 
F-kE  during  takeoffs,  landings,  sideslips,  maneuvering,  and  stalls  in 
Reference  AJ: 

(1)  Asymmetric  weight  and  symmetric  drag  -  two  external  wing  tanks 
(one  empty,  one  full). 

(2)  Symmetric  weight  and  asymmetric  drag  -  one  full  external  wing 
tank  on  right ;  3  LAU-3/A  and  3  M117  on  left. 

(3)  Asymmetric  weight  and  drag  -  one  empty  external  wing  tank  on 
right;  3  LAU-3/A  and  3  M117  on  left. 

On  straight  and  level  flight: 

0  "The  asymmetric  weight,  symmetric  drag  and  asymmetric  weight,  asym¬ 
metric  drag  loadings  resulted  in  essentially  the  same  flying  qualities . 

Both  of  these  loadings  had  an  asymmetric  moment  equal  to  the  maximum 
allowed  in  the  F-kC/D/E  Flight  Manual.  During  straight  and  level  flight, 
some  aileron  and  rudder  trim  was  required  and  above  k50  KIAS  insufficient 
rudder  trim  was  available  to  trim  the  sideslip  to  zero  with  the  asymmetric 
drag,  asymmetric  weight  loading.  This  was  not  considered  objectionable. 
Straight  and  level  flight  below  15  units  AOA  received  a  Pilot  Rating  of  CH2. 
...Control  requirements  for  level  flight  with  the  symmetric  drag-asymmetric 
weight  loading  are  shown  in  [Figure  1  (3.3.5)]."  Reference  A7,  F-kE. 

On  stall  and  maneuvering  characteristics: 

0  "The  asymmetric  drag,  symmetric  weight  loading  resulted  in  satis¬ 
factory  stability  and  control  characteristics  for  all  conditions  tested. 
Approximately  five  degrees  of  rudder  were  required  to  trim  the  sideslip 
to  zero  and  no  significant  lateral  or  directional  trim  changes  were 
encountered  during  stalls  or  maneuvering,"  Reference  A7,  F-kE. 
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3. 3. 5. 2 

The  only  wave-off  comment  in  the  F-4  literature  is  very  general  with 
no  quantitative  data,  from  Reference  N2: 

0  "Wave-off  characteristics  were  also  excellent."  Reference  N2,  F4H-1. 

E.  DISCUSSION 

Insufficient  quantitative  and/or  qualitative  data  are  available  to 
attempt  to  validate  these  paragraphs.  The  asymmetric  loading  data  of 
Reference  A7  gave  rudder  pedal  forces  well  within  the  Level  1  and  2  require¬ 
ment  of  100  lbs.  in  Paragraph  3. 3. 5.1.1*  however,  the  speed  range  covered 
(0.45  to  0.95  Mach)  was  considerably  less  than  required  (i.e.,  throughout 
the  operational  flight  envelope). 

F.  RECOMMENDATION 
3.3.5 

None. 

3. 3. 5.1 
None 

3. 3. 5. 1.1 

None. 

3. 3. 5. 2 
None. 
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Loading:  Inboard  pylons 

□  Trim  conditions:  305  KC AS  £  20,000  ft  4AIM-7's 

47.000  lb  GW  2  Ext.  wing  tanks 

CG  9  30.0%  c  Heft  full,  right  empty) 


3. 3. 6.1  Yawing  MoroentB  in  Steady  Sideslips 


A. 


requirement 


3.3.6  Ir*-~ in  terms 

2^,SSTJ5SS  Sil-rrS  considered  up  to  those  produced 
or  limited  by: 

(a)  Full  rudder  pedal  deflection,  or 

(b)  250  pounds  of  rudder  pedal  force,  or 

(c)  Maximum  aileron  control  or  surface  deflection, 

except  that  for  Glngle-propeller-irlvon  oppoBite°to  that  required 

around) ,  rudder  pedal  «n“de?ed  beyond  the  deflection 

for  vings-level  stri aigh *  the  winge-level  atraight  flight  con- 

for  a  10-degree  change  in  sideslip 

dition. 

.  c+  .  Rideslins  -  For  the  sideslips  speci- 

3. 3.6.1  1  j  n  He  fie  ct  xonand  force  shall  produce  left 

fied  in  3.3.6,  right  pedal  d efl^  ^  fQrcQ  sh&11  produce  right 

sideslips  and  left  rudder  peda  following  requirements  shall  apply.  The 
sideslips.  For  Levels  1  fdJ  *h®  pedtl  deflection  shaU  be  essentially 

variation  of  sideslip  degrees  and  -15  degrees.  For  larger 

linear  for  sideslip  angles  between  +15  deg^  deflection  shall  always  be 
sideslip  angles,  an  increase  in er  |he  variation  of  sideslip  angle  with 

rSricS  srss  £ 

2S4sr  r^srs..*«  *• ro4der  potol  force 

shall  never  reduce  to  zero. 

B  APPLICABLE  PARAMETERS 

Variation  of  sideslip  angio  uith  rudder  pedal  force  and  rudder 
deflection. 

r  F-U  CHARACTERISTICS 

Considerable  static  directional  stability  data  are  availab  e  j» 

F.b  for  noth  the  Clean 

stores.  These  data  are  P  p(MRT) ,  and  P(CRT)  and  an  evolua- 

Tests  included  flight  phases  PA,  CR,  CO, 
tion  of  an  asymmetric  loading  configuration. 
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D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Static  lateral-directional  control  evaluations,  as  reported  in 
References  Nl  and  NU,  were  conducted  in  flight  phases  CR,  P(MRT) ,  and 
P(CRT)  between  O.85  and  2.0  Mach  number  at  altitudes  from  15,000  to  60,000 
ft.  and  in  PA  at  10,000  ft,  Quantitative  data  are  not  available  but  the 
following  comments  are  offered: 

o  "Static  directional  control-free  and  control- fixed  stability. . .was 

positive  ar.d  satisfactory  for  all  configurations  tested  throughout  the 
flight  envelope  of  the  airplane."  (E3),  Reference  Nl,  FltH-1.  Reference 
N4  comments  were  nearly  identical. 

Reference  A1  evaluated  static  directional  stability  in  PA,  CR,  and  CO 
flight  phases  throughout  the  operational  envelope.  The  report  commented 
that: 

0  "Static  directional  stability  was  positive  throughout  the  opera¬ 

tional  envelope  in  all  configurations.  At  supersonic  Mach  numbers,  large 
sideslip  angles  could  not  be  attained  because  rudder  control  was  hinge 
moment  limited... Static  directional  stability  was  satisfactory."  (E3), 
Reference  Al,  F-IjC. 

The  data  referred  to  (Reference  Al)  are  presented  for  various  combina¬ 
tions  of  external  stores  as  follows: 

Figure  1  (3. 3. 6.1)  -  No  External  Stores 

Figure  2  (3. 3.6.1)  -  Nine  MLU-10/B  Landmines 

Figure  3  (3.3.6. l)  -  Eleven  BLU-l/B  Napalm  Bombs 

Figure  U  (3. 3.6.1)  -  Two  Wing  Tanks  and  Eleven  Mil?  Bombs 

Data  in  flight  phases  PA  and  CR  were  obtained  from  Reference  A2.  These 
data  and  pilot  comments  ore  similar  to  that  presented  in  Reference  Al  above, 
and  therefore  are  not  illustrated  here, 

o  "Directional  stability  was  positive  in  all  areas  of  the  flight 
envelope  tested.  ...Static  directional  stability  was  satisfactory."  (E3), 
Reference  A2,  F-l*C. 

Reference  A7  evaluated  static  directional  stability  on  an  F-kE  in 
flight  phases  PA,  CR,  and  CO  with  various  external  store  loading  configura¬ 
tions: 


333 


o  "Static  directional  stability  vis  satisfactory  ( E3)  throughout  the 

operational  envelope.  Rudder  force  and  displacement  varied  linearly .. .be¬ 
low  the  deflection  at  which  the  rudder  was  airload  limited.  Above  these 
limits,  increase  in  rudder  pedal  force  gave  no  increase  in  rudder  deflec¬ 
tion.  Rudder  airload  limitations  affected  handling  qualities  only  with 
asymmetric  loads  at  high  speeds."  Reference  A7»  F-^E. 

The  data  discussed  above  were  presented  in  Reference  A8  and  are  illus¬ 
trated  in  the  following  figures: 

Figure  5  (3. 3. 6.1)  -  Four  AIM-7  Missiles 

Figure  6  (3. 3. 6.1)  -  Two  370-gal.  Wing  Tank9  +  Six  M117  Bombs 

Figure  7  (3. 3. 6.1)  -  Ten  M117  Bombs  +  Six  Empty  LAU-3/A's 

Figure  8  (3. 3.6.1)  -  Asymmetric  Loading,  One  Empty  370-gal. 

Wing  Tank,  Three  M117  Bombs  and  Three  LAU-3/A's. 

E.  DISCUSSIOII 

The  variation  of  sideslip  angle  with  rudder  pedal  deflection  and  force 
on  the  F«4  is  nearly  linear  up  to  the  maximum  rudder  deflection  which  is 
limited  by  rudder  hinge  moments  at  certain  flight  conditions.  The  hinge 
moment  limit  is  evident  on  the  plots  as  the  point  where  an  increase  in  pedal 
force  results  in  no  further  increase  in  rudder  deflection.  Pilots  have 
commented  on  this  limitation,  but  only  once  complained  that  it  affected 
handling  qualities;  in  Reference  A7  during  high  speed  flight  with  on  asym¬ 
metric  loading.  The  requirement  seems  reasonable  as  written. 

F.  RECOMMENDATION 

3.3.6 

None . 

3. 3. 6.1 

Hone . 


33«» 


Fit  phase 

KCAS 

M 

Alt 

GW 

CG 

PA 

184 

.31 

5K 

40.400 

29.4 

•  CR 

315 

.85 

32K 

41,700 

30.6 

•  CO 

445 

1.11 

29K 

41,100 

29.9 

Rudder 
Position  {deg) 


Figure  2  {3,3.6.13 
Static  Directional  Stability 
Reference  A1,  F4C 
Nine  MLU-10/B  Undmines 
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Fit  phase 

KCAS 

Alt 

GW 

CG 

■■■  . PA 

187 

.31 

5K 

41,700 

27.3 

—  —  —  «—«*»  CR 

295 

50 

31K 

42,000 

27.4 

- CO 

529 

.89 

7K 

48,700 

29.4 

Rudder 
Position  (deg) 


Rt 


Rudder 

Pedal  Force  (lb) 


Lt 


Figure  3  (3,3.6. 1) 
Static  Directional  Stability 
Reference  A1,F4C 
Eleven  BLIM/B  Nepattn  Bombs 
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Fit  phase 

KCAS 

_M 

Alt 

.GW 

CG 

PA 

167 

.31 

30.1 

CR 

329 

.55 

30j0 

Rudder 
Position  (deg) 


Figure  4(3.3.15.1} 

Static  Directional  Stability 
Reference  A1/F-4C 

Two  37fl-G»t.  Wing  Tattles + £!sm  A/11‘17  Bombs 
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Figure  6  <3.3;6.1) 

Static  Directional  Stability 
Reference  A8,  F4E 
70-Gal.  Wing  Tanks + Six  Ml  17  Bombs 
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Figure  7  (3.3,6. 1) 

Static  Directional  Stability 
HtFtf#iR#A8,F*4E 

T#n  Mil?  Bombi+SIx  Empty  LAU-3/A's 


PA 

CR 


156  .27 

332  .77 


GW 


CG 


6K  39,500  24.6 
21 K  41,200  24.9 


Rudder 
Position  (deg) 


Reference  A8,  F-4E 
Asymmetric  Loading 

One  Empty  370-gal  Wing  Tank,  Three  M-1 17  Bombs 
and  Three  LAU-3/A's 


342 


3. 3. 6. 2  Side  Forces  in  Steady  Sideslips 

A.  REQUIREMENT 


3. 3. 6. 2  Side  Forces  in  Steady  Sideslips  -  For  the  sideslips  of  3.3.6, 
an  increase  in  right  bank  angle  shall  accompany  an  increase  in  right  side¬ 
slip,  and  an  increase  in  left  bank  angle  shall  accompany  an  increase  in  left 
sideslip. 

B.  APPLICABLE  PARAMETERS 

d£ 

d(3 

C.  F-4  CHARACTERISTICS 

Side  force  characteristics  flight  test  data  are  not  available  for  any 
flight  phase  of  the  F-4. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

The  only  comments  available  are  from  References  N1  and  n4.  Reference 
N1  states  that: 

o  ’’Side  force  characteristics  of  the  model  F4H-1  airplane  are  accep¬ 

table  throughout  the  flight  envelope  of  the  airplane..." 

Reference  N4  adds : 

a  "...above  1.2  IMN...an  increase  in  right  sideslip  angle  was  accom¬ 

panied  by  an  increase  in  left  bank  angle.  Since  both  the  attainable  sideslip 
angle  and  accompanying  bank  angle  were  very  small  the  flying  qualities  of  the 
airplane  were  not  degraded.  The  side  force  characteristics  are  acceptable." 

E.  DISCUSSION 

Data  available  are  insufficient  to  permit  evaluation  of  this  requirement. 
However,  the  requirement  seems  reasonable  as  written. 

F.  RECOMMENDATIONS 
None. 
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3. 3.6. 3  Rolling  Moments  in  Steady  Sideslips 


A.  REQUIREMENT 

3. 3.6. 3  Rolling  Moments  in  Steady  Sideslips  -  For  the  sideslips  of 
3.3.6,  left  aileron-control  deflection  and  force  shall  accompany  left  side¬ 
slips,  and  right  aileron-control  deflection  and  force  shall  accompany  right 
sideslips.  For  Levels  1  and  2,  the  variation  of  aileron-control  deflection 
and  force  with  sideslip  angle  shall  be  essentially  linear. 


3. 3. 6. 3.1  Exception  for  Wave-off  (Go -around)  -  The  requirement  of 

3. 3. 6. 3  may,  if  necessary,  be  excepted  for  wave-off  (go-around)  if  task  per¬ 
formance  is  not  impaired  and  no  more  than  50  percent  of  roll  control  power 
available  to  the  pilot,  and  no  more  than  10  pounds  of  aileron-control  force 
are  required  in  a  direction  opposite  to  that  specified  in  3. 3.6.3. 


3. 3. 6. 3.2  Positive  Effective  Dihedral  Limit  -  For  Levels  1  and  2, 
positive  effective  dihedral  (right  aileron  control  for  right  sideslip  and 
left  aileron  control  for  left  sideslip)  shall  never  be  so  great  that  more 
than  75  percent  of  roll  control  power  available  to  the  pilot,  and  no  more 
than  10  pounds  of  aileron-stick  force  or  20  pounds  of  aileron-wheel  force 
are  required  for  sideslip  angles  which  might  be  experienced  in  service 

employment . 


B.  APPLICABLE  PARAMETERS 

Variation  of  aileron-control  deflection  and  force  with  sideslip  angle. 

C .  F-4  CHARACTERISTICS 

Evaluation  data  are  available  on  the  F-4  for  the  clean  configuration 
and  with  limited  external  store  loadings.  Data  are  presented  in  Figures  1 
(3. 3. 6. 3)  through  4  (3. 3. 6. 3)  for  flight  phases  PA,  CR,  and  CO  covering  the 
Mach  range  from  0.30  to  1.35  at  altitudes  between  5,000  and  37,000  feet. 

D.  SUMMARY  OF  PILOT  RATINGS  AMD  COMMENTS 

References  N1  and  N4  offer  the  following  comments  without  presenting 
any  quantitative  data: 

o  "Dihedral  effect... is  positive  at  all  airspeeds  below  1.2  IMN, 

essentially  neutral  between  1.2  and  1.3  IMN  and  slightly  negative  above 

1.3  IMN,  The  negative  dihedral  effect... is  easily  controllable  with 
lateral  stick  pressures  rather  than  any  noticeable  stick  displacement. . .and 
...does  not  detract  from  the  flying  qualities  or  controllability  of  the  air. 
plane.  The  dihedral  effect  above  1.2  IMN  is  acceptable..."  (E3) ,  Reference 
Nl,  F4H-1. 

Reference  N4  essentially  restated  the  above  and  added: 
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o  ’’Although  the  slight  negative  dihedral  effect  does  not  seriously 
detract  from  the  flying  qualities  and  controllability  of  the  airplane,  the 
correction  of  this  deficiency  is  desirable  for  improved  service  use."  (e4), 
Reference  N4,  F4H-1. 

Quantitative  data  were  provided  in  Reference  A1  along  with  the  follow¬ 
ing  comment : 

o  Dihedral  effect... was  positive  in  the  subsonic  region. . .neutral  in 
the  lower  supersonic  region  and  became  slightly  negative  as  Mach  number  in¬ 
creased.  .  .the  slight  negative  dihedral  effect  did  not  seriously  detract 
from  the  flying  qualities  and  controllability  of  the  aircraft  and  was 
acceptable."  (E4)  Reference  Al,  F-4C. 

The  data  referred  to  in  the  above  comment  are  presented  for  various 
combinations  of  external  stores,  as  follow: 

Figure  1  (3. 3.6. 3)  -  No  External  Stores 

Figure  2  (3. 3. 6. 3)  —  Nine  MLU-10/B  Landmines 

Figure  3  (3. 3. 6. 3)  -  Eleven  BLU-1/3  Napalm  Bombs 

Figure  4  (3- 3. 6. 3)  -  Two  Wing  Tanks  and  Eleven  M117  Bombs. 

E.  .DISCUSSION 
3. 3. 6. 3 

The  F-4  force  end  position  gradient  data  is  linear.  The  position 
gradient  becomes  neutral  at  1.2  -  1.3  Mach  number  and  the  force  gradient 
become  neutral  at  1.5  Mach  number. 

The  authors  agree  with  the  desire  to  establish  some  lower  limit  on 
dihedral  effect,  as  discussed  in  Reference  B2.  Unf ortunately ,  the  rather 
indefinite  nature  of  the  opinion  attached  to  the  data  of  Reference  Al 
does  not  assist  in  establishing  a  lower  limit.  The  F-4  pilots  do  confirm 
that  slightly  negative  dihedral  effect,  as  in  Figure  1  (3. 3. 6. 3),  though 
undesirable,  is  acceptable  (E4).  This  indicates  that  possibly  Level  2  and 
certainly  Level  3  flying  qualities  can  be  obtained  with  negative  dihedral 
effect. 

3. 3. 6. 3.1  and  3. 3. 6. 3.2 

No  quantitative  or  qualitative  F-4  data  are  available  to  evaluate 
these  requirements. 


F .  RE  COMMENDATI  Oil  S 
3. 3. 6. 3 

Add  the  following  statement  to  paragraph  3. 3. 6. 3: 

"Negative  dihedral  effect  (left  aileron-control  deflection  and  force 
with  right  sideslips)  will  he  permitted  for  Levels  2  and  3  provided  that 
resulting  stick  force  characteristics  are  not  objectionable.  " 

3. 3. 6. 3.1 
None. 

3.3.6. 3.2 
None, 
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Figure  1  (3.3.6.3) 
Dihedral  Effect 
Reference  A1,  F-4C 
No  External  Stores 
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Figure  4  (3.3.6.3) 

Dihedral  Effect 
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3*3*7  Lateral-Directional  Control  Id  Crosswinds 


A*  REQUIREMENT 

3*  3*7  Lateral-Directional  Control  in  Cross  Winds  -  It  shall  he  possi¬ 
ble  to  take  off  and  land  with  normal  pilot  shill  and  technique  in  9Q  degree 
cross  winds,  from  either  side,  of  velocities  up  to  those  specified  in  Table 
XI.  Aileron- control  forces  shall  be  within  the  limits  specified  in  3*3. 4. 2, 
and  rudder  pedal  forces  shall  not  exceed  100  pounds  for  Level  1  nor  180 
pounds  for  Levels  2  and  3.  This  requirement  can  normally  be  met  through 
compliance  with  3.3. 7*1  and  3. 3. 7* 2. 


Table  XI 

Cross-Wind  Velocity 


Level 

Class 

Cross  Wind 

1 

and 

2 

1 

20  knots 

ll.  111,  &  IV 

30  knots 

Water-based 

airplanes 

20  knots 

3 

All 

One-half  the  values 
for  levels  1  and  2 

B.  APPLICABLE  PARAMETERS 

Aileron  and  rudder  control  forces  in  crosswinds. 

C.  F-4  CHARACTERISTICS 

The  only  tests  directly  applicable  to  the  requirement  are  in  References 
H10  and  N19,  which  evaluated  approach  flying  qualities  with  asymmetric  store 
configurations . 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

o  “Insufficient  surface  winds  during  the  evaluation  precluded  the 

determination  of  maximum  erosswind  limitations.  Crosswind  approaches  and 
landings  were  acceptable  for  emergency  conditions  with  asymmetric  loads  with 
adverse  wind  components  of  12  and  8  kts  (from  the  direction  of  the  unloaded 
wing)... (C6).”  Reference  N10,  F-4B. 

o  "Landing  approaches  were  conducted  in  various  combinations  of  load¬ 

ings,  flap  settings,  crosswinds,  pattern  directions,  and  simulated  single- 
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engine  conditions.  The  most  comfortable  conditions  encountered  for  any 
loading  were  1/2  flap  approaches  with  a  crosswind  on  final  from  the  same 
side  as  the  -symmetric  load  and  with  pattern  turns  into  the  heavy  wing. 

The  most  adverse  conditions  encountered  were  single  engine  approaches  with 
the  inboard  engine  [sic]  operating  and  with  a  crosswind  on  final  from  the  side 
opposite  the  heavy  wing.  At  normal  landing  fuel  weights  (2,500  lb)  [with 
asymmetric  loads  in  excess  of  300,000  in. -lb]  approach  handling  characteris¬ 
tics  were  satisfactory  at  170  kt.,  acceptable  at  l60  kt,  and  only  acceptable 
under  ideal  conditions  at  150  kt.  Approach  characteristics  at  airspeeds  less 
than  150  kt  were  considered  dangerous  (C9).  Qualitative  opinions  of  approach 
characteristics  [with  around  234,000  in-lb  loading]  were  generally  the  same 
for  airspeeds  10  kt  less  than  those  mentioned  above.  To  ensure  acceptable 
flying  qualities  for  emergency  field  landings  with  asymmetric  loadings  in 
service,  it  is  recommended  that  approaches  be  conducted  at  airspeeds  for  19 
units  A0A  [normal  approach  angle  of  attack]  but  with  the  flaps  set  at  1/2 
instead  of  full.  The  roll  response  for  a  given  airspeed  is  essentially  the 
same  regardless  of  flap  setting,  but  the  airspeed  for  19  units  A0A  with  1/2 
flaps  is  approximately  10  kt  higher  than  the  corresponding  full  flap  approach 
speed.  The  higher  airspeed  will  result  in  better  control  during  landing 
approaches  and,  with  asymmetric  loads  in  excess  of  300,000  in-lb  "on-speed" 

will  be  at  least  150  kt." 

"The  approach  handling  characteristics  noted  for  various  airspeeds  are 
applicable  for  the  loadings  tested  up  to  crosswinds  of  10  kt  from  the  side 
opposite  the  heavy  wing.  However,  if  possible,  a  runway  should  be  selected 
such  that  the  crosswind  is  from  the  same  side  as  the  heavy  wing.  The  air¬ 
plane  should  then  be  landed  on  the  downwind  side  of  the  runway  because  the 
advantages  of  the  crosswind  from  the  heavy  wing  side  are  reversed  during 
landing  roll-out..."  Reference  N19,  F-4J. 

E.  DISCUSSION 

Available  data  do  not  permit  evaluation  of  either  the  crosswind 
velocity  or  control  force  limitations  of  this  requirement. 

F.  RECOMMENDATIONS 

None. 
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3. 3. 7-1  Final  Approach  in  Cross  Winds 


A.  REQUIREMENT 

3. 3. 7.1  Final  Approach  in  Cross  Winds  -  For  all  airplanes  except  land- 
based.  airplanes  equipped  with  cross-wind  landing  gear,  or  otherwise 
constructed  to  land  in  a  large  crabbed  attitude,  rudder  and  aileron-control 
power  shall  be  adequate  to  develop  at  least  10  degrees  of  sideslip  (3.3.6) 
in  the  power  approach  with  rudder  pedal  forces  not  exceeding  the  values 
specified  in  3.3.7*  For  Level  1,  aileron  control  shall  not  exceed  either 
10  pounds  of  force  or  75  percent  of  control  power  available  to  the  pilot. 

For  Levels  2  and  3,  aileron-control  force  shall  not  exceed  20  pounds. 

B.  APPLICABLE  PARAMETERS 

Aileron  and  rudder  control  deflections  and  forces  required  to  obtain 
ten  degrees  of  sideslip  in  the  PA  configuration. 

C.  F-4  CHARACTERISTICS 

As  previously  discussed  in  3. 3. 6.1,  References  A1  and  A7  present 
rudder  pedal  forces  required  to  maintain  steady  sidelips  with  various  ex¬ 
ternal  store  configurations.  The  Figures  presented  under  3. 3. 6.1  exhibit 
asymmetric  rudder  foice  characteristics  (apparently  due  to  a  slight  direc¬ 
tional  trim  offset)  so  that  a  given  sideslip  angle  is  attained  with  a 
different  force  depending  on  the  direction  of  sideslip.  Since  the  concern 
in  this  paragraph  is  with  maximum  forces ,  the  largest  pedal  force  required 
to  develop  the  given  sideslip,  left  or  right,  is  presented.  In  a  number  of 
cases  ten  degrees  was  not  attained  in  the  test,  and  in  one  case  hinge  moment 
limiting  has  precluded  reaching  ten  degrees.  Further,  ten  degrees  of  side¬ 
slip  has  frequently  been  obtained  in  a  region  where  the  force/sideslip 
relation  is  non-linear.  For  these  reasons,  the  lateral  stick  forces  and 
deflections  and  the  rudder  forces  were  evaluated  at  both  eight  degrees  and 
ten  degrees  of  sideslip.  These  data  are  tabulated  in  Table  I  (3. 3. 7.1). 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

o  ''The  test  method  used  was  to  apply  rudder  control  while  holding 

a  constant  ground  track  by  varying  bank  angle. . .static  directional  stabi¬ 
lity  was  satisfactory."  Reference  Al,  F-l(C.  This  evaluation  included 
the  clean  aircraft  and  some  external  store  configurations, 
o  "...in  the  low  altitude  -  low  speed  range  of  the  flight  envelope... 
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static  directional  stability  was  satisfactory."  Reference  A2,  RF-4C.  This 
evaluated  the  aircraft  in  the  PA  configuration  with  no  flaps,  half  flaps  and 
full  flaps. 

0  "Static  directional  stability  was  satisfactory  throughout  the 
operational  envelope."  Reference  A7 ,  F-4E. 

E.  Discussion 

Maximum  Sideslip  Values 

F-4  pilot  opinions  are  not  specifically  related  to  cross-wind  capability. 
However,  the  absence  of  any  complaints  to  the  effect  that  the  F-4  has  limited 
cross  wind  capability  in  the  PA  configuration  implies  that  the  inability  of 
the  F-4  to  attain  a  full  ten. degrees  of  sideslip  in  the  PA  configuration  is 
not  of  great  concern  to  the  pilot.  The  fact  that  the  pilot  ratings  all 
represent  Level  1  flying  qualities  is  certainly  at  variance  with  Reference 
B2  which  describes  ten  degrees  as  a  bare  minimum,  i.e.,  presumably  a  Level  3 
"floor."  Because  eight  degrees  of  sideslip  were  attained  in  all  cases  except 
an  asymmetric  loading  case,  this  figure  seems  more  reasonable  as  a  minimum 
sideslip  requirement  for  Level  1  flying  qualities. 

Rudder  Forces 

The  rudder  forces  specified  in  3.3.7  are  100  pounds  maximum  for  Level 
1  and  180  pounds  for  Levels  2  and  3.  The  data  point  at  240  pounds  rudder 
force  from  Reference  A2  was  obtained  in  the  hinge  moment  limited  region  and 
so  need  not  be  considered  in  verifying  the  specified  force  levels.  The 
highest  force  obtained  below  the  hinge  limit  for  this  flight  condition  was 
around  150  pounds  at  a  sideslip  angle  of  6. 5°,  and  was  obtained  with  the 
flaps  up,  which  is  not  a  recommended  PA  configuration.  This  suggests  that 
the  rudder  force  of  190  pounds  from  the  same  Reference  might  be  disregarded. 
Even  so  the  Level  1  ratings ,  however  questionable ,  assigned  to  the  rudder  pedal 
forces  of  190  and  240  pounds,  cast  some  doubt  on  the  specification  require¬ 
ment,  which  would  place  these  force  levels  outside  Level  3. 

Neglecting  the  two  data  points  discussed  above,  the  maximum  rudder 
force  at  a  sideslip  angle  of  ten  degrees  is  125  pounds,  and  at  eight  degrees 
is  115  pounds.  Although  F-4  data  do  not  suggest  that  these  maxima  are 


necessarily  borderline,  they  do  indicate  that  the  rudder  force  level  might 
be  increased  to  120  pounds  at  eight  degrees  of  sideslip  for  Level  1  Flying 
Qualities,  with  considerably  better  justification  than  that  offered  for  the 
present  requirements  in  Reference  B2. 

The  Level  3  boundary  for  rudder  forces  should  be  determined  by  either: 

(a)  considerations  of  some  minimum  control  harmony,  or; 

(b)  some  reasonable  maximum  effort  within  the  physical  capability  of 
the  pilot. 

Wo  information  is  available  on  the  first  item.  The  second  consideration 
depends  on  the  "average"  pilot  and  the  pilot/control  geometry.  For  the  F-4 
the  figure  is  approximately  300  pounds.  Since  the  sideslip  angle  specified 
is  virtually  the  maximum  attainable  by  the  F-U  in  the  PA  configuration,  it 
follows  that  the  rudder  deflection  and,  hence,  force  are  maxima.  Therefore, 
a  figure  of  300  pounds  seems  reasonable  as  the  maximum  for  Level  3. 

Aileron  Control  Force 

Most  lateral  stick  forces  are  below  ten  pounds .  The  fact  that  one  force 
level  was  measured  at  11  pounds  is  not  sufficient  justification  to  recom¬ 
mend  a  change  in  the  specification,  although  nothing  in  the  F-U  results 
suggests  that  higher  forces  would  not  be  rated  Level  1.  F-4  experience 

provides  no  background  to  the  Level  2  and  3  requirements . 

Aileron  Control  Power 

Seventy- five  percent  of  lateral  control  deflection  is  22.5  degrees  for 
the  F-h.  This  correlates  well  with  the  test  data,  although,  as  for  the 
forces  discussed  above,  there  is  no  indication  that  higher  deflections 
would  not  be  rated  Level  1. 

F.  RECOMMENDATIONS 

The  requirement  should  be  re-written  to  read: 

,T3.3.7.1  Final  Approach  in  Cross  Winds  -  For  all  airplanes  except  land- 
based  airplanes  equipped  with  cross  wind  landing  gear,  or  otherwise  con¬ 
structed  to  land  in  a  large  crabbed  altitude,  rudder  and  aileron-control 
power  shall  be  adequate  to  develop,  for  Level  1  Flying  Qualities ,  eight 
degrees  of  sideslip  (3.3.6)  in  the  power  approach.  The  corresponding  rudder 
pedal  forces  shall  not  exceed  120  pounds  for  Level  1,  180  pounds  for  Level 
2,  and  300  pounds  for  Level  3.  The  aileron  control  force  shall  not  exceed 
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10  pounds  of  force  or  75  percent  of  control  power  available  to  the  pilot 
for  Level  1  and  aileron-control  fores  shall  not  exceed  20  pounds  for 
Levels  2  and  3." 
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Table  I  {3.3.7. 1) 

Lateral  Directional  Forces  and  Deflections 
PA  Configuration 
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Extrapolated  Note:  Left  and  right  sideslip  data  as  available 

All  full  flaps  unless  otherwise  noted 


3. 3. 7. 2  Takeoff  Run  and  Landing  Rollout  in  Cross  Winda 


A.  REQUIREMENT 

3, 3,7.2  Takeoff  Run  and  Landing  Rollout  in  Cross  WindB  -  Rudder  and 
aileron-control  power,  in  conjunction  with  other  normal  means  of  control,, 
shall  be  adequate  to  maintain  a  straight  path  on  the  ground  or  other  landing 
surface.  This  requirement  applies  in  calm  air  and  in  cross  winds  up  to  the 
values  specified  in  Table  XI,  with  cockpit  control  forces  not  exceeding  the 
values  specified  in  3.3.7* 

B.  APPLICABLE  PARAMETERS 

Rudder  and  aileron  deflections  and  other  means  of  control  required 
during  takeoff  run  or  landing  rollout  in  cross  winds, 
c.  f-4  characteristics 

The  F-4  has  been  evaluated  with  and  without  nosewheel  steering.  A 
drag  chute  can  be  deployed  if  required,  and  this  influences  landing  rollout 

handling. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
°  "Directional  control  during  the  landing  ground  roll  was  good.  Most 
landing  rolls  were  easily  controlled  with  rudder  and  differential  braking. 
Nosewheel  steering  had  to  be  used  on  a  few  occasions  when  maximum  antiskid 
braking  was  used.  Heading  control  was  excellent  using  these  techniques." 
Reference  Al,  F-4C. 

°  "Directional  control  of  the  airplane  during  landing  rollout  in 
crosswind  conditions  up  to  25  kt.  is  adequate  with  use  of  differential 
braking  below  rudder  effectiveness  speeds  and  has  been  made  much  less 
demanding  by  the  incorporation  of  nosewheel  steering.  The  deployment  of  the 
drag  chute  in  cross  winds  above  15  kt.  was  not  recommended  since  the  drag 
chute  added  to  the  already  strong  weathercocking  characteristics  of  the  air¬ 
plane.  Landings  with  the  drag  chute  deployed  during  rollout  were  made  in 
crosswind  components  up  to  20  kt.  and  directional  control  was  adequately 
maintained  by  use  of  differential  braking  and/or  nosewheel  steering.  The 
force  and  deflection  feel  of  the  wheel  brake  system  is  poor  since  a  small 
pedal  deflection  and  a  relatively  steep  force  gradient  is  present  when 
increasing  braking  action.  This  makes  accurate  selection  of  different  wheel 
braking  levels  during  landing  rollout  difficult.  Correction  of  this 
deficiency  is  desirable  for  improved  service  use."  Reference  N4,  F4H-1F. 
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0  "The  airplane  tends  to  ’weathercock’  into  the  wind  during  normal 
landing  rollouts  especially  with  the  drag  chute  deployed.  This  characteris¬ 
tic  was  aggravated  during  landing  rollout  with  an  asymmetric  loading  condi¬ 
tion  with  cross  winds  from  the  same  side  as  the  heavy  wing.  The  vertical 
tail,  the  drag  chute  and  the  higher  drag  on  the  upwind  wing  all  tend  to 
turn  the  airplane  into  the  wind.  This  tendency  can  he  satisfactorily 
countered,  however,  with  rudder  and  aileron  opposite  to  the  wind  direction 
‘and  with  nosewheel  steering  as  a  last  resort."  Reference  N19,  F-IjJ .  • 

E.  DISCUSSION 

Reference  NU  indicates  that  satisfactory  F-4  handling  qualities  can  he 
obtained  in  a  15  kt.  cross  wind  and  that  control  is  adequate  in  20  kt.  cross 
winds.  The  required  cross  wind  values,  as  explained  in  Reference  B2,  are  a 
function  of  the  probabilities  of  occurrence  at  various  locations  of  interest 
to  the  USAF,  and  so  the  remarks  of  Reference  N4  should  not  be  used  as  a 
validation  of  the  requirements. 

F.  RECOMMENDATIONS 

None 
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3. 3. 7*2.1  Cold-  and  Wet-Weather  Operation 


A.  REQUIREMENT 

3*3. 7. 2.1  Cold-  and  Wet-Weather  Operation  -  The  requirements  of 
3. 3. 7* 2  apply  on  wet  runways  for  all  airplanes,  and  on  snow-packed  and  icy 
runways  for  airplanes  intended  to  operate  under  such  conditions.  If  com¬ 
pliance  is  not  demonstrated  under  these  adverse  runway  conditions,  direc¬ 
tional  control  shall  be  maintained  by  use  of  aerodynamic  controls  alone  at 
all  airspeeds  above  50  knots  for  Class  IV  airplanes  and  above  30  knots  for 
all  others.  For  very  slippery  runways,  the  requirement  need  not  apply  for 
cross-wind  components  at  which  the  force  tending  to  blow  the  airplane  off 
the  runway  exceeds  the  opposing  tire-runway  frictional  force  with  the  tires 
supporting  all  of  the  airplane’s  weight. 

B.  APPLICABLE  PARAMETERS 

Rudder  and  aileron  power  and  nosewheel  steering  effectiveness  on  wet 
runways . 

C.  F-U  CHARACTERISTICS 

Reference  A10  is  a  refused  takeoff  and  landing  rollout  wet  runway 
evaluation  of  the  F-4.  Though  chiefly  concerned  with  performance  charac¬ 
teristics,  some  comments  are  pertinent  to  this  paragraph. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

o  "Various  means  of  directional  control  were  evaluated  during  the  wet 

runway  refused  tekeoff . . .and  landing  tests.  The  rudder  alone  was  generally 
effective  in  providing  directional  control  above  100  knots  IAS  provided 
there  was  little  or  no  crosswind. 11 

"Nose  gear  steering  provided  the  most  positive  means  of  maintaining 
directional  control." 

"The  aircraft  had  a  tendency  to  fishtail  in  the  speed  range  of  70-90 
KEAS.  This  fishtailing  was  disconcerting  to  the  pilot  and  the  aircraft 
could  not  be  adequately  controlled  using  differential  braking  or  rudder. 
Differential  aileron/spoiler  action  further  aggravated  the  fishtailing 
tendency . " 

"The  drag  chute  provided  the  most  effective  means  of  initially  decelera¬ 
ting  the  aircraft  on  a  wet  runway.  With  a  crosswind  the  drag  chute  tended 
to  yaw  or  weather-vane  the  aircraft  into  the  wind.  Nose  gear  steering  pro¬ 
duced  the  only  adequate  means  of  retaining  positive  control  of  the  aircraft 
under  these  conditions.  No  nosewheel  skidding  was  qualitatively  observed... 


Nose  gear  steering  should  he  engaged  immediately  after  touchdown.”  Reference 
A10,  RF-4C. 

E.  DISCUSSION 

Paragraph  3. 3.7 *2  allows  "other  normal  means  of  control"  for  compliance 
which  for  the  F-4  refers  to  nosewheel  steering.  According  to  the  above  com¬ 
ment,  nosewheel  steering  is  reasonably  effective  except  for  the  transient 
fishtailing  between  70  and  90  knots  IAS.  However,  the  F-4  evaluations  do 
not  indicate  whether  the  aircraft  meets  the  crosswind  requirements  of  Table 
XI.  Therefore,  F-4  experience  does  not  indicate  whether  50  knots  is  a  rea¬ 
sonable  minimum  requirement  for  the  speed  at  which  aerodynamic  controls 
should  be  effective  if  the  aircraft  can  not  meet  the  requirements  of  3. 3. 7. 2. 

F.  RECOMMENDATIONS 

None . 
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3.3*7. 2. 2  CARRIER-BASED  AIRPLANES 


A.  REQUIREMENT 

3. 3. 7. 2, 2  Carrier-based  airplanes.  All  carrier-based  airplanes 
shall  be  capable  of  maintaining  a  straight  path  on  the  ground  with¬ 
out  the  use  of  wheel  brakes,  at  airspeeds  of  30  knots  and  above, 
during  takeoffs  and  landings  in  a  90-degree  cross  wind  of  at  least 
10  percent  Vq(L).  Cockpit  control  forces  shall  be  as  specified 
in  3.3.7. 

B.  APPLICABLE  PARAMETERS 

Rudder  and  aileron  control  forces  during  takeoffs  and  landings  in 
cross  winds. 

C.  F-4  CHARACTERISTICS 

No  F-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 
None. 

F.  RECOMMENDATION 


None. 
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3. 3. 7. 3  Taxiing  Wind  Speed  Limits 

A.  REQUIREMENT 


3*3«7.3  Taxiing  Wind  Speed  Limits  -  It  shall  he  possible  to  taxi  at 
any  angle  to  a  35-knot  wind  for  Class  I  airplanes  and  to  a  45-knot  wind  for 
Class  II,  III,  and  IV  airplanes. 

B.  APPLICABLE  PARAMETERS 

Taxiing  characteristics  in  45-knot  crosswind. 

C.  F-4  CHARACTERISTICS 

The  F-4  has  been  evaluated  with  and  without  nosewheel  steering,  as 
mentioned  below.  No  strict  evaluation  of  the  requirement  is  possible. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

o  The  airplane  was  taxied  in  90°  crosswinds  up  to  25  kt.  and  has  a 

tendency  to  weathercock  into  the  -wind.  Directional  control  could  be  main¬ 
tained  while  taxiing  in  a  crosswind  with  differential  engine  thrust:  how¬ 
ever,  taxi  speeds  then  became  excessive  and  differential  braking  was 
required  for  directional  control, .  .Nosewheel  steering  is  mandatory  for 
satisfactory  service  use."  Reference  Nl,  F4H-1. 

o  "Nosewheel  steering  was  incorporated. .  .Ground  handling  has  been 

greatly  improved,  particularly  at  high  gross  weights.  Precise  control  of 
the  airplane  is  easily  attained,  and  close  quarter  maneuvering  and  cross- 
wind  taxiing  presents  no  difficulty."  Reference  N4,  F4H-1/1F. 

E.  DISCUSSION 

Available  data  do  not  permit  evaluation  of  the  45  knot  crosswind 
requirement  for  Class  IV  airplanes. 

F.  RECOMMENDATIONS 
None. 
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3.3.0  Lateral-Directional  Control  In  Dlvea 


A.  REQUIREMENT 


.  ,  8  . Control  in  Dlyen  -  Rudder  and  aileron  con- 

stress; 

&  tSSSsR 

planes  nor  50  pounds  for  other  airplanes. 


B.  APPLICABLE  PARAMETERS 

Aileron  control  and  rudder  pedul  forces  during  dives  and  pullouts, 
c.  P-U  CHARACTERISTICS 

No  F-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 


None . 

E.  DISCUSSION 


None . 

F.  RECOMMENDATION 
None 
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3*3*9  Lateral-Directional  Control  with  Asymmetric  Thrust 
A.  REQUIREMENTS 


3*3*9  Lateral-Directional  Control  vinh  Asymmetric  Thrust  -  Asymmetric 
loss  of  thrust  may  be  caused  by  many  factors  including  engine  failure,  inlet 
unstart,  propeller  failure,  or  propeller-drive  failure.  Following  sudden 
asymmetric  loss  of  thrust  from  any  factor,  the  airplane  shall  be  safely  con¬ 
trollable.  The  requirements  of  3. 3. 9.1  through  3. 3. 9. 4  apply  for  the 
appropriate  Flight  Phases  when  any  single  failure  or  malperformance  of  the 
propulsive  system,  including  inlet  or  exhaust,  causes  loss  of  thrust  on  one 
or  more  engines  or  propellers,  considering  also  the  effect  of  the  failure  or 
malperformance  on  all  subsystems  powered  or  driven  by  the  failed  propulsive 
system. 

3* 3*9.1  Thrust  Loss  During  Takeoff  Run  -  It  shall  be  possible  for  the 
pilot  to  maintain  control  of  an  airplane  on  the  takeoff  surface  following 
sudden  loss  of  thrust  from  the  most  critical  factor.  Thereafter,  it  shall 
be  possible  to  achieve  and  maintain  a  straight  path  on  the  takeoff  surface 
without  a  deviation  of  more  than  30  feet  from  the  path  originally  intended, 
with  rudder  pedal  forces  not  exceeding  180  pounds.  For  the  continued  take¬ 
off,  the  requirement  shall  be  met  when  thrust  is  lost  at  speeds  from  the 
refusal  speed  {based  on  the  shortest  runway  from  which  the  airplane  is 
designed  to  operate)  to  the  maximum  takeoff  speed,  with  takeoff  thrust 
maintained  on  the  operative  engine(s),  using  only  elevator,  aileron,  and 
rudder  controls.  For  the  aborted  takeoff,  the  requirement  shall  be  met  at 
all  speeds  below  the  maximum  takeoff  speed;  however,  additional  controls 
such  as  nosewheel  steering  and  differential  braking  may  be  used.  Automatic 
devices  which  normally  operate  in  the  event  of  a  thrust  failure  may  be  used 
in  either  case. 


3*3*9* 2  Thrust  Loss  After  Takeoff  -  During  takeoff,  it  shall  be  possi¬ 
ble  without  a  change  in  selected  configuration  to  achieve  straight  flight 
following  sudden  asymmetric  loss  of  thrust  from  the  most  critical  factor  at 
speeds  from  Vmin(T0)  to  Vmax(T0),  and  thereafter  to  maintain  straight  flight 
throughout  the  climb-out.  The  rudder  pedal  force  required  to  maintain 
straight  flight  with  asymmetric  thrust  shall  not  exceed  180  pounds .  Aileron 
control  shall  not  exceed  either  the  force  limits  specified  in  3. 3. 4. 2  or  75 
percent  of  available  control  power,  with  takeoff  thrust  maintained  on  the 
operative  engine(s)  and  trim  at  normal  settings  for  takeoff  with  symmetric 
thrust.  Automatic  devices  which  normally  operate  in  the  event  of  a  thrust 
failure  may  be  used,  and  the  airplane  may  be  banked  up  to  5  degrees  away 
from  the  inoperative  engine. 

B.  APPLICABLE  PARAMETERS 

These  qualitative  requirements  concern  directional  control  with 
asymmetric  thrust. 
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c.  F-U  CHARACTERISTICS 

The  effect  of  single  engine  operation  on  stability  and  control 
characteristics  was  qualitatively  evaluated  in  flight  phase  TO  in  Reference 
Ml  (F4H-1)  and  Reference  N12  (F-4k).  Corresponding  quantitative  data  are 
not  available. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

The  following  comment  was  provided  in  Reference  N1  after  an  evaluation 
of  single  engine  characteristics  on  the  F4H-1i 

0  "Directional  control  is  easily  maintained  with  rudder  in  configura¬ 
tion  TO  (CRT)  trimmed  at  ikO  lit.  during  simulated  engine  failure.  The 
directional  trim  change  is  not  significant  and  is  readily  trimmed  out. 

Single  engine  stability  and  control  characteristics  are  satisfactory." 

Reference  M2  provided  the  following  comment  during  an  asymmetric 
thrust  evaluation  of  the  F-4K: 

0  "Asymmetric  thrust  characteristics  were  qualitatively  evaluated  in 
configuration  TO... by  retarding  one  engine  to  the  IDLE  detent.  The  asymme¬ 
tric  thrust  characteristics  were  excellent.  Considerably  less  directional 
trimming  was  required  for  balanced  flight  than  is  necessary  with  F-4B  air¬ 
planes."  Reference  N12,  F-4K. 

E.  DISCUSSION 

3.3.9,  3. 3. 9.1,  and  3. 3. 9. 2 

Qualitative  requirements  such  as  these  are  difficult  to  validate.  How¬ 
ever,  no  change  can  be  suggested  and  the  requirements  are  considered  adequate 

as  written . 

F.  RECOMMENDATION 

3.3.9 

None. 

3. 3. 9.1 
None . 

3. 3. 9. 2 
None. 
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3. 3. 9. 3  Transient  Effects 


A.  REQUIREMENTS 

3. 3.9. 3  Transient  Effects  -  The  airplane  motions  following  sudden 
asymmetric  loss  of  thrust  shall  be  such  that  dangerous  conditions  can  be 
avoided  by  pilot  corrective  action.  A  realistic  time  delay  (3.4.9)  of  at 
least  1  second  shall  be  considered. 

B.  APPLICABLE  PARAMETERS 

Airplane  motions  following  sudden  asymmetric  loss  of  thrust. 

C.  F-4  CHARACTERISTICS 

Limited  evaluations  of  the  effect  of  sudden  asymmetric  thrust  loss 
have  been  conducted  on  the  F— 4  in  flight  phases  CR  and  CO,  Figure  l(3.3.9*3) 
presents  a  time  history  of  an  asymmetric  afterburner  concellation . 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Reference  N4  evaluated  thrust  loss  in  flight  phase  CR  and  concluded: 

0  ''Complete  loss  of  power  on  one  engine  at  any  airspeed  results  in  a 
mild  yaw  which  is  easily  counteracted  with  rudder  or  rudder  trim."  (E2) , 
F4H-1,  Reference  N4. 

Reference  HIT  provided  the  following  comment  during  the  Phase  II  NPE 
(Navy  Preliminary  Evaluation)  of  the  F-4K: 

0  "The  single  engine  characteristics  were  investigated  in  configura¬ 
tion  CO  at  1.88  M  and  40,000  ft... with  thrust  set  at  maximum  afterburner  on 
both  engines,  the  left  throttle  was  retarded  to  the  military  position. 
Although  only  3°  of  sideslip  resulted,  the  yaw  was  uncomfortable  (c4.5). 

The  airplane  was  controllable  and  the  yaw  was  immediately  eliminated  by 
reducing  the  thrust  on  the  opposite  engine  to  military."  Reference  N17,  F4K. 

A  time  history  of  this  maneuver  is  presented  in  Figure  1  (3. 3. 9. 3). 

E.  DISCUSSION 

The  F-4  data  substantiate  the  need  for  this  requirement,  which  is  con¬ 
sidered  adequate  as  written. 

F.  RECOMMENDATION 

None. 
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3.3.9. 4  Asymmetric  Thrust-Rudder  PedalB  Free 

A.  REQUIREMENT 


3. 3. 9. 4  Asymmetric  Thrust-Rudder  Pedals  Free  -  The  static  directional 
stability  shall  be  such  that  at  all  speeds  above  1.4  Vm-s  n .  with  asymmetric 
loss  of  thrust  from  the  most  critical  factor  while  the  other  engine (s) 
develop  normal  rated  thrust,  the  airplane  with  rudder  pedals  free  may  be 
balanced  directionally  in  steady  straight  flight.  The  trim  settings  shall 
be  those  required  for  wings-level  straight  flight  prior  to  the  failure. 
Aileron-control  forces  shall  not  exceed  the  Level  2  upper  limits  specified 
in  3. 3. 4. 2  for  Levels  1  and  2  and  shall  not  exceed  the  Level  3  upper  limits 
for  Level  3. 

B.  APPLICABLE  PARAMETERS 

Static  directional  stability  following  asymmetric  thrust  loss. 

C.  P-4  CHARACTERISTICS 

No  P-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OP  PILOT  RATINGS  AND  COMMENTS 

None. 

E.  DISCUSSION 

None. 

F.  RECOMMENDATION 


None. 
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3. 3.9*5  Two  Engines  Inoperative 

A.  REQUIREMENT 


3.3.9. 5  Two  Engines  Inoperative  -  With  any  engine  initially  failed, 
it  shall  be  possible  upon  failure  of  the  most  critical  remaining  engine  to 
stop  the  transient  motion  at  the  one-engine-out  speed  for  maximum  range,  and 
thereafter  to  maintain  straight  flight  from  that  speed  to  the  speed  for 
maximum  range  with  both  engines  failed.  In  addition,  it  shall  be  possible 
to  effect  a  safe  recovery  at  any  service  speed  above  V0mj_n(CL)  following 
sudden  simultaneous  failure  of  the  two  critical  failing  engines . 

B.  APPLICABLE  PARAMETERS 

Airplane  control  with  two  engines  inoperative. 

C.  P-4  CHARACTERISTICS 

This  requirement  does  not  apply  to  the  F-4. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

None . 

E.  DISCUSSION 

None. 

F.  RECOMMENDATION 

None. 
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3.4  Miscellaneous  Flying  Qualities 


A.  REQUIREMENT 

3.4  Miscellaneous  Flying  Qualities 

3.4.1  Approach  to  Dangerous  Flight  Conditions  —  Dangerous  conditions 
may  exist  where  the  airplane  should  not  "be  flown.  When  approaching  these 
flight  conditions,  it  shall  be  possible  by  clearly  discernible  means  for 
the  pilot  to  recognize  the  impending  dangers  and  take  preventive  action. 
Final  determination  of  the  adequacy  of  all  warning  of  impending  dangerous 
flight  conditions  will  be  made  by  the  procuring  activity,  considering 
functional  effectiveness  and  reliability.  Devices  may  be  used  to  prevent 
entry  to  dangerous  conditions  only  if  the  criteria  for  their  design ,  and 
the  specific  devices,  are  approved  by  the  procuring  activity. 

3. 4.1.1  Warning  and  Indication  -  Warning  or  indication  of  approach  to 
a  dangerous  condition  shall  be  clear  and  unambiguous.  For  example,  a  pilot 
must  be  able  to  distinguish  readily  among  stall  warning  (which  requires 
pitching  down  or  increasing  speed) ,  Mach  buffet  (which  may  indicate  a  need 
to  decrease  speed),  and  normal  airplane  vibration  (which  indicates  no  need 
for  pilot  action).  If  a  warning  or  indication  device  is  required,  func¬ 
tional  failure  of  the  device  shall  be  indicated  to  the  pilot. 

3. 4.1.2  Prevention  -  As  a  minimum,  dangerous-condition-prevention . 
devices  shall  perform  their  function  whenever  needed,  but  shall  not  limit 
flight  within  the  Operational  Flight  Envelope.  Hazardous  operation,  normal 
or  inadvertent,  shall  never  be  possible.  For  Levels  1  and  2,  neither 
hazardous  nor  nuisance  operation  shall  be  possible. 

B .  APPLICABLE  PARAMETERS 

(1)  Qualitative  evaluation  of  indication  of  approach  to  dangerous 
flight  conditions. 

(2)  Operation  of  dangerous- condition-prevention  devices. 

C.  F-4  CHARACTERISTICS 

F-4  data  pertinent  to  these  qualitative  requirements  are  presented 
in  3.4.2. 

D„  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

None. 

E.  DISCUSSION 

The  requirement  appears  reasonable  as  written. 

F.  RECOMMENDATION 

None. 
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3.4.2  Stalls 


_1  ^ < -.  y  j-.s  y*-- --l^,'*'  *»>VS ■ 


A.  REQUIREMENT 

3.4.2  Stalls  -  The  requirements  of  3.4.2  through  3. 4. 2. 4.1  are  to 
assure  that  the  airflow  separation  induced  "by  high  angle  of  attack,  which 
causes  loss  of  aerodynamic  lift  or  control  about  any  one  axis,  does  not 
result  in  a  dangerous  or  mission-limiting  condition.  The  stall  is  further 
defined  in  terms  of  speed  and  angle  of  attack  in  6.2.2  and  6.2.5,  respec¬ 
tively  . 

3. 4 .2.1  Required  Conditions  -  The  requirements  for  stall  characteris¬ 
tics  apply  for  all  Airplane  Normal  States  in  straight  unaccelerated  flight, 
and  in  turns  and  pullups  with  normal  acceleration  up  to  nqmgx.  Specifically , 
the  Airplane  Normal  States  associated  with  the  configurations ,  throttle 
settings,  and  trim  settings  of  6,2.2  shall  be  investigated;  also,  the  require¬ 
ments  apply  to  Airplane  Failure  States  that  affect  stall  characteristics. 

3.4 .2.2  Stall  Warning  Requirements  -  The  stall  approach  shall  be 
accompanied  by  an  easily  perceptible  warning.  Acceptable  stall  warning  for 
all  types  of  stalls  consists  of  shaking  of  the  cockpit  controls,  buffeting 
or  shaking  of  the  airplane,  or  a  combination  of  both.  The  onset  of  this 
warning  shall  occur  within  the  ranges  specified  in  3.4.2. 2.1  and  3. 4. 2. 2. 2 
but  not  within  the  Operational  Flight  Envelope.  The  increase  in. buffeting 
intensity  with  further  increase  in  angle  of  attack  shall  be  sufficiently 
marked  to  be  noted  by  the  pilot .  This  warning  may  be  provided,  artificially 
only  if  it  can  be  shown  that  natural  stall  warning  is  not  feasible.  These 
requirements  apply  whether  Vg  is  as  defined  in  6.2.2  or  as  followed  in 

3. 1.9. 2.1. 


3. 4. 2. 2.1  Warning  Speed  for  Stalls  at  lg  Normal  to  the  Flight  Path  - 
Warning  onset  for  stalls  at  lg  normal  to  the  flight  path  shall  occur 
between  the  following  limits : 


Flight 

Phase 

Minimum  Stall  Warning 
Speed 

Maximum  Stall  Warning 
Speed 

Approach 

Higher  of  1.0!?Vg  or 

Higher  of  1.10Vg  or 

Vg  +  5  knots 

V0  +  10  knots 

D 

All  Other 

Higher  of  1.05Vg  or 

Higher  of  1.15Vg  or 

TT  *1  C  Irvirt+o 

3. 4. 2. 2. 2  Warning  Range  for.  Accelerated  Stalls  -  Onset  of  stall 
warning  shall  occur  outside  the  Operational  Flight  Envelope  associated  with 
the  Airplane  Normal  State  and  within  the  following  angle-of-attack  ranges : 
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Flight 

Phase 

Approach 

All  Other 


Minimum  Stall  Warning 
Angle  of  Attack 

a0  +  °‘82  (“s  “  V 
“0  +  0,75  (“s  '  a0} 


Maximum  Stall  Warning 
Angle  of  Attack 

“o  *  °-9°  (“s  -  “o> 

«0  +  °'9°  (“s  ■  V 


where  a  is  the  Btall  angle  of  attack  and  a  is  the  angle  of  attack  for 
zero  lift  (as  is  defined  in  6, 2 . 5  >  a0  may  be  estimated  from  wind-tunnel 
tests). 


3.4.2. 3  Stall  Characteristics  -  In  the  unaccelerated  stalJs  of 
3. 4. 2.1,  the  airplane  shall  not  exhibit  uncontrollable  rolling,  yawing,  or 
downward  pitching  at  the  stall  in  excess  of  20  degrees  of  Classes  I,  II, 
and  III,  or  30  degrees  for  Class  IV  airplanes.  It  is  desired  that  no  pitch- 
up  tendencies  occur  in  unaccelerated  or  accelerated  stalls .  In  unacceler¬ 
ated  stalls,  mild  nose-up  pitch  may  be  acceptable  if  no  elevator  control 
force  reversal  occurs  and  if  no  dangerous,  unrecoverable,  or  objectionable 
flight  conditions  result.  A  mild  nose-up  tendency  may  be  acceptable . in 
accelerated  stalls  if  the  operational  effectiveness  of  the  airplane  is  not 
compromised  and: 


(a)  The  airplane  has  adequate  stall  warning. 

(b)  Elevator  effectiveness  is  such  that  it  is  possible  to  stop  the 
pitch— up  promptly  and  reduce  the  angle  of  attack,  and 

(c)  At  no  point  during  the  stall,  stall  approach,  or  recovery  does 
any  portion  of  the  airplane  exceed  structural  limit  loads. 

The  requirements  apply  to  all  stalls  resulting  from  rates  of  speed  reduc¬ 
tion  up  to  4  knots  per  second.  The  stall  characteristics  will  be  considered 
unacceptable  if  a  spin  is  likely  to  result. 

3. 4. 2. 4  Stall  Recovery  and  Prevention  -  It  shall  be  possible  to  pre¬ 
vent  the  complete  stall  by  moderate  use  of  the  controls  at  the  onset  of  the 
stall  warning.  It  shall  be  possible  to  recover  from  a  complete  stall  by 
use  of  the  elevator,  aileron,  and  rudder  controls  with  reasonable  forces, 
and  to  regain  level  flight  without  excessive  loss  of  altitude  or  buildup  of 
speed.  Throttles  shall  remain  fixed  until  speed  has  begun  to  increase  when 
an  angle  of  attack  below  the  stall  has  been  regained.  In  the  straight-flight 
stalls  of  3. 4.2.1,  with  the  airplane  trimmed  at  a  speed  not  greater  than  1.4 
Vs  and  with  a  speed  reduction  rate  of  at  least  4.0  knots  per  second,  eleva¬ 
tor  control  power  shall  be  sufficient  to  recover  from  any  attainable  angle 
of  attack. 

3. 4. 2. 4.1  One-Engine-Cut  Stalls  -  On  multi-engine  airplanes,  it  shall 
be  possible  to  recover  safely  from  stalls  with  the  critical  engine  inopera¬ 
tive.  This  requirement  applies  with  the  remaining  engines  at  up  to  thrust 
for  level  flight  at  1.4Vs,  but  these  engines  may  be  throttled  back  during 
recovery . 
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B.  APPLICABLE  PARAMETERS 

These  requirements  are  generally  qualitative  in  nature  and  involve 
evaluation  of  the  stall ,  stall  approach,  stall  warning  and  recovery  charac¬ 
teristics  in  all  normal  and  all  significant  failure  states.  In  addition, 
an  absolute  stall  warning  margin  is  established  for  both  lg  and  accelerated 
stalls . 

C .  F-4  CHARACTERISTICS 

Numerous  evaluations  of  the  stall/near  stall  characteristics  of  the 
various  models  of  the  P-4  have  been  conducted  in  recent  years.  The  early 
investigations  tended  to  provide  a  rather  superficial  analysis  along  with 
a  lenient  qualitative  evaluation.  The  more  recent  investigations,  on  the 
other  hand,  have  provided  e  much  more  thorough  evaluation  of  all  phases  of 
the  stall  and  a  detailed  evaluation  of  the  low  speed,  high  angle  of  attack 
handling  qualities. 

This  validation  will  concentrate  on  these  more  current  evaluations; 
most  notable  are:  (l)  References  A5,  AT,  and  A8,  Category  II  stability  and 
control  evaluations  of  the  F-4c  and  F-4e,  (2)  Reference  A3,  an  extensive 
evaluation  of  the  stability  and  control  characteristics  of  the  F-4C  with 
various  external  store  loadings,  (3)  Reference  N12,  the  phase  II  Navy  Pre¬ 
liminary  Evaluation  (NPE)  of  the  F-4K,  and  (4)  Reference  N18,  the  BIS 
Trials  of  the  F-4J. 

Generally  the  stall/near  stall  characteristics  of  the  various  models 
of  the  F-4  in  flight  phases  CR  and  CO.,  i.j,,  gear  and  flaps  up,  do  not 
differ  significantly  from  each  other.  As  is  typical  of  most  low  aspect 
ratio,  swept  wing  airplanes,  stall  in  this  configuration  is  not  well  defined 
lift  reaches  a  local  maximum  at  approximately  18  to  20  degrees  angle  of 
attack  but  then  continues  to  increase  with  increasing  angle  of  attack. 

Stall  in  the  F-4  is  generally  considered  to  be  the  point  where  "nose  slice" 
(divergent  lateral-directional  oscillation)  occurs.  This  is  generally  pre¬ 
ceded  by  a  wide  band  of  buffet,  nose  rise,  and  finally,  wing  rock,  a  lateral 
oscillation  which  generally  takes  place  just  prior  to  "nose  slice." 

The  stall/near  stall  characteristics  in  the  high  lift  configurations 
(flight  Phases  PA,  TO,  &  WO)  are  a  function  of  both  aerodynamic  and  engine 
characteristics.  The  F-4J  incorporates  aileron  droop  and  a  retracted 


inboard  leading  edge  flap  which  results  in  some  differences  in  stall/near 
stall  characteristics;  nose  rise  is  slightly  more  pronounced,  with  wing 
rock  somewhat  milder.  The  effect  of  engine  operation  is  evident  on  the 
F-4K  and  F-4M  which  replace  the  J-79  engine  with  the  Rolls  Royce  Spey 
turbofan  engine.  The  engine,  in  addition  to  providing  a  thrust  component 
in  the  lift  direction,  also  provides  air  for  boundary  layer  control  (BLC) 
operation.  For  a  given  airspeed,  an  increase  in  power  increases  the  BLC 
momentum  coefficient,  thereby  increasing  the  maximum  lift  coefficient.  The 
F-4K/M  stalls  are  generally  milder  than  experienced  in  other  models  of  the 
F-4,  and  have  less  pronounced  wing  rock.  Artificial  stall  warning  is  pro¬ 
vided  by  a  rudder  pedal  shaker  which  is  activated  at  a  predetermined  indi¬ 
cated  angle  of  attack.  This  system  was  incorporated  to  provide  stall 
warning  in  the  high  lift  configurations  where  little  or  no  buffet  is 
experienced  prior  to  nose  rise/wing  rock/ or  nose  slice.  It  was  anticipated 
that,  in  the  clean  configuration,  normal  airplane  buffet  would  provide 
adequate  stall  warning.  However,  as  indicated  in  the  following  pilot 
comments,  aerodynamic  buffet  is  not  always  suitable  on  the  F-4  because  of 
the  wide  buffet  band  which  is  not  always  repeatable  and  does  not  always 
increase  in  intensity  with  stall  approach.  In  addition,  the  buffet  fre¬ 
quently  masks  the  rudder  pedal  shaker. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Reference  A8  reported  the  results  of  a  low  speed  handling  qualities 
evaluation  conducted  during  the  F-4E  Category  II  Program, 
o  "Stalls  and  stall  approaches  were  conducted  in  the  PA  and  CR  con¬ 
figurations  with  various  loadings  and  eg  positions.  One-g  and  accelerated 
stalls. .  .were performed  using  the  following  technique:  For  one-g  stalls  the 
aircraft  was  trimmed  at  1.4  Vg  in  level  flight  and  the  airspeed  was  reduced 
at  about  1-3  knots  per  second.  For  accelerated  stalls  the  aim  load  factor 
was  established  in  a  turn  and  the  airspeed  was  reduced  while  attempting  to 
maintain  the  aim  load  factor.  Airspeed  bleed  rates  for  accelerated  stalls 
were  generally  greater  than  for  one-g  stalls;  however,  the  load  factor 
normally  dropped  to  below  the  aim  value  above  approximately  19  units  angle 
of  attack." 
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"Stall  characteristics  observed  are  summarized  in  [Figure  1  (3.4,2) 
through  Figure  3  (3.4.2)].  Buffet  onset  and  moderate  buffet  were  noted 
by  pilot  observations.  Wing  rock  onset,  heavy  wing  rock  (greater  than 
+  20  degrees  of  bank)  and  onset  of  nose  slicing  were  determined  by 
measurements  of  bank  angle  and  sideslip  angle  data.  The  omission  of 
symbols  on  buffet  indicates  that  they  did  not  occur  during  the  maneuver. 

As  an  example,  referring  to  [Figure  1  (3.4.2)],  moderate  buffet  was  not 

observed  during  PA  configuration  stalls  and  wing  rock  did  not  occur  on  some 
tests."  Reference  Ab,  F-4E.  The  scatter  of  the  flight  test  data  on  Figure  1 
(3,4.2)  through  Figure  3  (3.4.2)  is  primarily  due  to  the  non-repeatability  of 
the  characteristics  and  partly  due  to  the  pilot's  sensitivity  to  buffet  and/or 
lateral  directional  oscillation.  Obviously  this  makes  the  various  phases 
of  stall  approach  rather  difficult  to  define  and  analyze. 

No  specific  pilot  comments  with  regard  to  stall  were  presented  with 
these  data,  however.  Reference  AT,  commenting  on  high  angle  of  attack 
dynamic  lateral  directional  stability  noted  that: 

o  "At  high  angles  of  attack  (outside  the  normal  operational  envelope) 
the  Dutch  roll  mode  was  undamped  and/or  divergent.  The  undamped  data... 
were  obtained  during  what  is  commonly  referred  to  as  wing  rock  which  generally 
occurred  at  AOA's  between  24  and  30  units.  The  wing  rock  was  encountered 
with  SAS  either  on  or  off  and  'maximum  bank  angle  excursions  were  as  high 
as  t40  degrees.  The  roll  SAS  had  little  or  no  effect  on  reducing  the 
oscillations.  Yaw  SAS  engagement  generally  reduced  the  oscillations  and 
increased  the  AOA  at  which  the  wing  rock  became  divergent.  The  ratio  of 
bank  to  yaw  (approximately  3)  remained  unchanged  with  SAS  engagement." 
Reference  AT,  F-4E. 

F-4c  maneuvering  flight  characteristics  with  and  without  external 
stores  were  evaluated  during  a  Category  II  follow-on  evaluation  reported 
in  Reference  A5.  A  qualitative  and  quantitative  summary  of  accelerated 
stall  characteristics  in  flight  phase  CR  is  presented  below. 

No  External  Stores 

o  "The  aircraft  could  be  maneuvered  without  difficulty  to  about  18 
units  angle  of  attack  where  light  "wing  rock"  (5  degrees  bank-to-bank) , 
coupled  with  small  sideslip  excursions,  occurred.  As  angle  of  attack  was 
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increased  "beyond  this  point,  wing  rock  became  more  violent  (approximately 
15  degrees  bank-to-bank  at  20  units  angle  of  attack)  and  the  sideslip 
excursions  became  divergent.  A  time  history  showing  this  wing  rock  is 
presented  in  [Figure  4  (3.4.2)].  The  aircraft  was  in  heavy  buffet  at 
this  time.  The  rudder  pedal  shaker  was  actuated  shortly  after  entering 
heavy  wing  rock  but  could  not  be  felt  due  to  heavy  airframe  buffet." 

Reference  A5,  F-4C. 

With  External  Stores 

o  "...the  aircraft  was  maneuvered  to  heavy  buffet,  which  occurred  at 

approximately  18  units  angle  of  attack. . .light  wing  rock  was  encountered  at 
approximately  20  units  angle  of  attack.  Wing  rock  was  never  as  violent  with 
external  stores  as  it  waB  without  external  stores ,  probably  due  to  the  added 
inertia  of  the  stores.  Precision  control  of  the  aircraft  was  impossible 
above  20  units  angle  of  attack.  The  rudder  shaker  was  actuated  at  approxi¬ 
mately  22  units,  but  was  completely  masked  by  heavy  airframe  buffet.  On 
most  maneuvers,  a  definite  decrease  in  the  buffet  noise  level  was  noticed 
at  the  point  of  noseup  pitching  tendency  and  just  prior  to  lateral-direc¬ 
tional  breakdown.  Above  22  to  24  units,  the  aircraft  nose  began  to  oscillate 
in  yaw  and  layge  sideslip  angles  developed.  Any  aileron  input  at  this  point 
produced  a  rapid  roll-off  in  the  direction  opposite  that  commanded  by  the 
lateral  control  input.  The  ailerons  should  not  be  use<i.  in  an  attempt  to 
counteract  the  rolloff  but  should  be  neutralized  immediately  to  prevent 
a  post-stall  gyration."  Reference  A5,  F-4C. 

General  comments  on  the  stall  warning  characteristics  of  the  F-4C  from 
the  same  report  are  summarized  below. 

o  "Angle  of  attack  indications  gave  the  best  stall  warning  when 

maneuvering  beyond  the  onset  of  heavy  buffet.  Buffet  intensity  did  not 
provide  adequate  stall  warning.  The  aircraft  had  considerable  control 
margin  even  after  the  onset  of  heavy  buffet,  i.e.,  although  heavy  buffet 
occurred  at  approximately  18  units  angle  of  attack  for  subsonic  flight, 
control  could  be  maintained  to  approximately  25  units  without  any  appre¬ 
ciable  increase  in  load  factor  or  buffet  intensity.  The  present  rudder 
pedal  shaker  is  unacceptable  as  an  accelerated  stall  warning  device  because 
it  is  masked  by  heavy  airframe  buffet."  Reference  A5,  F-4C. 
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Reference  A3  evaluated  the  stall  and  stall  warning  characteristics  of 
the  F-1»C  with  an  external  store  loading  used  by  the  Tactical  Air  Command 
(TAC)  for  training  missions.  This  loading  consists  of: 

(1)  (2)  370  gal.  tanks  on  outboard  wing  stations. 

(2)  LAU-17  Pylon,  TER  and  LAU-3/A  Rocket  Pod  on  left  inboard 
wing  station. 

(3)  LAU-17  Pylon  on  right  inboard  wing  station. 

(1)  SUU-21  Bomb  dispenser  on  centerline  station. 

This  evaluation  generally  reported  the  same  characteristics  as  the  F-^-C 
category  II  program: 

0  "During  maneuvering  flight  tests  with  the  TAC  training  loading, 
heavy  buffet  occurred  at  approximately  18  units,  the  g-level  remained 
essentially  constant,  and  light  wing  rock  was  encountered  at  approximately 
20  units .  Wing  rock  was  never  as  pronounced  with  the  TAC  loading  as  with 
no  external  stores .  Buffet  intensity  did  not  provide  adequate  stall  warn¬ 
ing  because  the  angle  of  attack  could  be  increased  well  beyond  heavy  buffet 
onset  without  proportionate  increases  in  load  factor  and  buffet  intensity 
...With  the  TAC  training  loading,  the  rudder  pedal  shaker  signal  was  com¬ 
pletely  masked  by  airframe  buffet." 

"Stall  warning  characteristics  were  unacceptable  at  all  c.g.  locations 
tested."  Reference  A3,  F-4C. 

A  category  II  evaluation  of  the  RF-4C,  reported  in  Reference  A2,  pro¬ 
vided  some  additional  data  and  comments  on  stall  approach  characteristics: 
o  "Stalls  in  all  configurations  were  characterized  by  a  breakdown  of 
lateral-directional  stability  and  control.  During  the  test,  stall  approaches 
were  normally  terminated  when  the  bank  angle  excursions  and/or  yaw  rate 
increased  sharply." 

"Cruise  configuration  lg  stall  approaches  were  characterized  by 
aerodynamic  buffet  onset  approximately  35  KCAS  prior  to  lateral-directional 
stability  breakdown.  Buffet  increased  steadily  with  decreasing  speed  and 
became  moderately  heavy  at  the  point  of  normal  recovery.  Recovery  was  rapid 
and  positive." 

"  Landing  configuration  lg  stalls  displayed  no  usable  aerodynamic 
buffet  warning  because  of  the  heavy  airframe  buffet  always  present  in  this 
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configuration. . .Actuation  of  the  stall  warning  device  preceded  lateral- 
directional  breakdown  by  approximately  10  KCAS  and  was  considered  adeauate 
stall  warning.  Recovery  was  rapid  and  positive." 

A  summary  of  Normal  (lg)  stall  data  is  presented  in  Table  I  (3.4,2) 
Stall  is  considered  as  the  point  of  lateral  or  directional  divergence. 

Stall  warning  occurred  between  1.06  and  1.09  Vg  in  the  high  lift  configura¬ 
tions  and  between  1.03  and  1.16  Vg  in  the  gear  and  flaps  up  configuration. 

The  following  comment  from  the  same  report  discussed  accelerated  stall 
approach  characteristics : 

"Accelerated  stall  approaches  at  constant  airspeed  were  accomplished 
during  windup  turns.  Characteristics  were  similar  to  those  experienced  in 
lg  stalls;  however,  when  the  stall  approach  was  continued  until  roll  tran¬ 
sient  excursions  became  violent  the  aircraft  yawed  and  snaprolled  to  the 
right... The  addition  of  external  stores  reduced  the  roll  rate  associated 
with  the  lateral-directional  stability  breakdown.  Stall  approach  charac¬ 
teristics  of  the  aircraft  were  satisfactory,"  Reference  A2,  RF-4C. 

Reference  Nl8  reported  the  results  of  an  evaluation  of  normal  (lg)  and 
accelerated  stalls  conducted  on  the  F-4j  in  flight  Phases  PA,  CR,  P,  and 
CO  at  various  airspeeds  and  between  5»000  and  38,000  feet  altitude. 

Flight  Phase  PA  -  Normal  and  accelerated  stalls  at  10,000  feet: 
o  "The  airplane  stalled  at  24-25  units  A0A  and  the  stall  was  charac¬ 
terized  by  pitchup  and  a  rapid  increase  in  angle  of  attack.  A  time  history 
of  a  typical  configuration  PA  normal  stall  is  presented  on  [Figure  5  (3.4.2)]. 
This  pitchup  at  the  stall  is  objectionable  since  a  dangerous  deep  stall  can 
occur  unless  the  pilot  takes  immediate  corrective  action  (C6) .. .Effective 
recovery  requires  full  forward  stick  and  usually  results  in  an  excessive 
loss  in  altitude.  The  altitude  loss  can  be  minimized  by  the  application  of 
afterburner  thrust  and  careful  manipulation  of  longitudinal  control;  however, 
the  altitude  loss  following  PA  stalls  was  between  500  and  1,000  ft,  and  the 
same  or  greater  altitude  losses  can  be  expected  in  service  use.  The  pitchup 
tendency  precludes  accomplishment  of  the  aircraft  mission  with  a  satisfac¬ 
tory  degree  of  safety .. .Correction  of  this  deficiency  is  mandatory  for 
satisfactory  service  use." 
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Flight  Phase  CR  -  Normal  stalls  at  15,000  feet: 

"Initial  stall  warning  appeared  as  light  airframe  buffet  at  12-1 4 
units  of  angle  of  attack  (AOA).  The  buffet  occurred  40  kt  above  the  stall 
and  increased  gradually  in  intensity  to  heavy  buffet  immediately  preceding 
the  stall.  Artificial  stall  warning  occurred  at  21.3  units  AOA  with  the 
actuation  of  the  rudder  pedal  shaker,  lateral  instability  in  the  form  of 
wing  rock  occurred  at  22  units  AOA  and  increased  in  amplitude  as  the  stall 
was  approached.  Lateral  control  effectiveness  was  lost  Just  prior  to  the 
stall.  The  airplane  stalled  at  27-28  units  AOA  with  a  slight  noBe-up  pitch. 
Recovery  could  be  immediately  effected  by  placing  the  stick  forward  and 
theref.  reducing  the  angle  of  attack.  The  stall  warnings  were  adequate 

and  are  satisfactory  for  service  use." 

Flight  Phases  CR,  P,  and  CO  -  Accelerated  stalls  at  various  altitudes 

(5,000  -  38,000  ft): 

"The  stall  warnings  were  identical  to  those  for  normal  stalls  and 
occurred  at  the  same  AOA's.  With  rapid  application  of  aft  stick,  the  air¬ 
plane  could  be  stalled  with  little  or  no  stall  warning.  The  airplane  could 
also  be  stalled  at  indicated  angles  of  attack  less  than  27  units  due  to  lag 
in  the  AOA  indicator.  In  normal  fleet  use,  operational  considerations 
require  that  the  airplane  be  flown  well  into  the  buffet  regime  to  obtain 
optimum  turning  performance,  and  consequently  airframe  buffet  loses  signifi¬ 
cance  as  stall  warning.  The  rudder  shaker  is  masked  by  heavy  airframe 
buffet.  Hence,  accelerated  stall  warning  becomes  lateral  instability  and 
loss  of  lateral  control  effectiveness,  and  these  may  easily  go  unnoticed 
by  the  pilot.  Therefore,  even  though  numerous  characteristics  exist  which 
could  serve  as  stall  warning,  operational  practices  reduce  their  signifi¬ 
cance,  and  inadvertent  accelerated  stalls  are  likely  to  occur  frequently 
in  service.  The  situation  is  not  intolerable,  however,  since  the  airplane 
can  be  recovered  from  the  stall  immediately  if  the  pilot  places  the  stick 
forward  of  neutral  and  maintains  neutral  aileron  and  rudder.  However, 
reduction  of  the  wide  buffet  region  would  significantly  improve  the 
accelerated  stall  warning  characteristics."  Reference  Nl8,  F-4J. 

Reference  N19  evaluated  stall  characteristics  of  the  drooped  aileron 


380 


P-^tJ  in  Flight  Phases  PA  and  PA  { 1/2)  with  asymmetric  store  loadings.  The 
outboard  wing  station  asymmetric  load  varied  between  1,767  and  2,516  pounds, 
resulting  in  lateral  moments  of  234,128  in- lb  and  333,370  in- lb,  respec¬ 
tively: 

o  ^  "As  the  airspeed  was  reduced  slowly  below  the  normal  approach 
speed,  an  increasing  amount  of  left  lateral  control  was  required  to  main¬ 
tain  wings  level.  In  all  the  asymmetric  loadings,  full  lateral  control  was 
necessary  approximately  5  kt  before  reaching  the  minimum  speed  for  accept¬ 
able  longitudinal  flying  qualities  (24  units  AOA) .  At  24  units  AOA  the 
airplane  rolled  into  the  heavy  wing,  pitched  nose  up,  and  the  stick  force 
lightened.  Lateral  control  was  usually  regained  about  10  kt  above  stall 
speed.  Stall  recoveries  were  generally  commenced  just  after  full  left  stick 
was  applied  so  maximum  AOA's  experienced  were  24  to  25  units.  The  stall 
characteristics  were  unsatisfactory  for  normal  operations  because  of  the 
pitchup  combined  with  the  roll  into  the  heavy  wing  (C6).  Symmetric-load 
configuration  PA  stalls  normally  require  500  to  1,000  ft  oC  altitude  for 
recovery.  The  roll  into  the  heavy  wing  during  stalls  with  asymmetric  loads 
results  in  even  greater  altitude  loss  since  the  wings  must  be  leveled  prior 
to  initiating  recovery  to  level  flight."  Reference  N19,  F-4,t. 

The  Phase  I  NFE  of  the  F-4K  (Reference  N12)  provided  an  evaluation  of 
normal  (lg)  and  accelerated  stalls  in  Flight  Phases  TO,  CAT,  PA,  PA  (l/2), 

W0,  and  W0  (l/2): 

o  "In  all  configurations,  the  approach  to  the  stall  was  characterized 
by  a  light  airframe  buffet  throughout  the  approach  with  no  perceptible 
change  in  intensity  immediately  preceding  the  stall  (c4.5).  In  configura¬ 
tions  TO,  CAT,  PA,  and  WO  the  stall  was  characterized  by  a  nose-up  pitch  at 
approximately  24  units  AOA.  During  most  of  the  stalls,  the  airplane  rolled 
off  to  the  left;  however,  previous  experience  in  drooped  aileron  F-4B/J  air¬ 
planes  indicates  that  lateral  characteristics  vary  between  airplanes  and  axe 
not  used  as  a  criteria  for  stall  definition  in  drooped  aileron  F-4's. 

Single  engine  stalls  (one  engine  at  IDLE)  in  configurations  PA-1/2  and  WO-l/2 
were  similar  to  PA  and  W0  stalls  except  the  wing  on  the  "dead  engine"  side 
became  heavy  during  the  approach  to  the  stall  and  the  airplane  invariably 
rolled  in  that  direction  at  the  stall.  The  artificial  stall  warning  (rudder 
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shaker)  occurred  at  21.3  units  AOA  and  precedes  the  stall  by  approximately 
7  kt  (106#  VSpA) .  This  satisfies  the  requirements  of  [paragraph  3.6.3  of 
Reference  Bl]  and  1b  acceptable." 

A  time  history  of  an  approach  turn  stall  in  configuration  PA  is  pre¬ 
sented  in  [Figure  6  (3.4.2)]  to  show  the  rapid  increase  in  AOA  past  24 
units,  and  the  positive  action  taken  by  the  pilot  to  prevent  further  stall 
penetration.  The  following  comment  is  offered: 

"The  F-4K  airplane  does  not  meet  the  requirements  of  [paragraph 
3.6.4  of  Reference  Bl]  since  the  nose-up  pitch  occurring  at  24  units  AOA 
results  in  extreme  nose  high  attitudes  in  the  high- lift  configurations. 
Correction  of  the  longitudinal  stick  force  lightening  and  nose-up  pitch  at 
24  units  AOA  in  the  high-lift  configurations  is  desirable  for  improved  ser¬ 
vice  use."  Reference  M2,  F-4K. 

The  Phase  I  NPE  of  the  F-4M  (Reference  M3) ,  evaluated  stall  charac¬ 
teristics  in  the  Flight  Phases  TO,  PA,  PA  (1/2),  and  WO.  Comments  were, 
in  general,  as  follows: 

o  "Aerodynamic  stall  warning  was  very  weak  and  at  some  time:  negligible. 
Light  wing  rocking  (±5  degrees)  generally  occurred  between  24  and  25  units 
AOA.  Artificial  stall  warning  was  provided  at  22.3  units  AOA  by  the  rudder 
pedal  shaker... The  stall  occurred  at  25  units  AOA  and  was  characterized  by 
a  nose-rise  of  approximately  5-8  degrees  in  conjunction  with  a  rapid  in¬ 
crease  in  angle  of  attack  to  30  units  (pegged)." 

"Correction  of  the. . .nose-rise  at  25  units  AOA  in  the  high-lift  con¬ 
figurations  is  desirable  for  improved  service  use.  Wing  rock  intensity 
normally  increased  to  approximately  ±25  degrees  during  the  fully  developed 
stall  and  continued  throughout  the  initial  stage  of  recovery.  On  two 
occasions  a  deep  stall  was  achieved  with  very  little  increase  in  wing  rock." 

"All  of  the  high-lift  configuration  stalls  were  considerably  milder 
than  those  previously  experienced  in  other  model  F-4  aircraft.  Since  the 
stall  was  so  mild,  and  the  airplane  easily  decelerated  below  trim  without 
any  cues  to  the  pilot,  stall  warning,  albeit  artificial,  must  be  sufficiently 
early  to  warn  the  pilot  of  a  low  speed  condition.  Although  the  airplane  met 
the  stall  warning  requirement,  (108#  VgpA)  an  increase  in  the  stall  warning 
margin  is  desirable  for  improved  service  use." 
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Tue  following  comments  were  offered  regarding  stall  recovery: 

"Stall  recovery  was  accomplished  either  by  applying  forward  stick 
to  decrease  the  angle-of-attack  or  by  adding  MIL  thrust  to  accelerate  out 
of  the  stall  region  in  a  level  flight  attitude.  Longitudinal  control  waB 
effective  in  decreasing  nose  attitude,  but  was  not  effective  enough  to  pre¬ 
vent  a  steep  nose-down  attitude  from  occurring  after  the  initial  nose-down 
pitching  moment  developed.  Recovery  by  applying  forward  stick  resulted  in 
loss  of  altitude  of  1,500-2,500  ft.  The  excessive  altitude  loss  using 
normal  recovery  control  techniques  is  a  deficiency  the  correction  of  which 
is  desirable  for  improved  service  use.  The  application  of  MIL  thrust  while 
maintaining  a  relatively  level  nose  attitude  permitted  recovery  from  the 
stall  with  a  minimum  loss  of  altitude.  This  technique  will  require  precise 
manipulation  of  longitudinal  control  at  low  altitudes  and  amidst  wing  rock¬ 
ing,  but  is  necessary  to  prevent  excessive  altitude  loss.  It  is  recommended 
that  stall  recoveries  in  service  be  accomplished  by  the  application  of  MIL 
or  MAX  thrust  while  maintaining  a  relatively  constant  nose  attitude  to  pre¬ 
vent  an  excessive  loss  of  altitude."  Reference  N13,  F-4m. 

A  re-evaluation  of  the  F-4M  (Reference  N23)  reported  stall  charac¬ 
teristics  essentially  unchanged  and  further  commented  that: 
o  "In  any  operational  situation,  nose  rise  must  be  considered  the 
point  of  stall  regardless  of  the  fact  that  the  airplane  can  be  'flown’ 
a  few  knots  slower.  Accelerated  stalls  in  configurations  PA  and  PA-1/2 
further  emphasized  this  fact.  In  any  stall  approached  with  any  noticeable 
pitch  rate,  the  nose  rise  occurred  at  24  to  25  units  angle  of  attack,  and 
the  angle  of  attack  always  increased  rapidly  to  30  -units.  The  intermediate 
position  between  nose  rise  and  deep  stall  was  never  noticed  in  any  accele¬ 
rated  stall.  Prior  to  nose  rise,  no  stall  warnings  occurred  except  rudder 
shaker.  With  moderate  pitch  rates,  the  nose  rise  occurred  so  rapidly 
following  rudder  shaker  that  the  airplane  can  be  considered  to  have  no 
meaningful  stall  warning  in  configurations  PA  and  PA-l/2.  Essentially  the 
same  results  were  reported  for  the  F-4K  and  were  considered  satisfactory. 
Since  the  possibility  of  an  inadvertent  stall  has  increased  in  the  F-4M  as 
a  result  of  the  apparent  negative  static  and  maneuvering  longitudinal  sta¬ 
bility,  the  lack  of  stall  warning  assumes  even  more  significance.  The 


383 


stall  warning  characteristics  of  the  F-4M  in  configurations  PA  and  PA- 1/2 
remain  unsatisfactory  (C6)."  Reference  N23,  F-4M. 

E.  DISCUSSION 

The  foregoing  has  been  provided  primarily  to  point  out  the  stall/near 
stall  characteristics  of  a  typical  modern,  high  performance  Class  IV  air¬ 
plane. 

A  paragraph-by-paragraph  discussion  of  the  requirements  is  presented 
below. 

3.4.2 

This  introduction  to  the  stall  section  is  considered.reasonable  as 
written. 

3. 4. 2.1 

Reasonable  as  written. 

3. 4. 2. 2 

The  F-4  experience  emphasizes  the  need  for  an  easily  perceptible  stall 
warning,  either  natural  or  artificial.  As  discussed  previously,  F-4  aero¬ 
dynamic  buffet  is  not  suitable  as  stall  warning  because  buffet  intensity 
does  not  always  increase  significantly  as  stall  is  approached.  Further, 
numerous  F-4  complaints  are  documented  that  the  artificial  stall  warning 
provided  on  the  F-4  (rudder  pedal  shaker)  is  unsatisfactory  because  it  is 
often  masked  by  airframe  buffet.  The  paragraph  is  considered  adequate  as 
written. 

3. 4. 2.2.1 

Although  pilots  have  often  complained  of  lack  of  stall  warning  inten¬ 
sity,  only  one  report  -  Reference  H13,  F-4M  —  complained  that  normal  (lg) 
stall  warning  was  not  sufficiently  early.  As  summarized  below,  all  other 
reports  substantiate  the  stall  warning  requirements  of  this  paragraph  : 
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Model 

Reference 

Report 

Flight  Phase 

Warning 
Speed  Range 

Specification 

Requirement 

RF-4C 

A2 

PA 

1.06-1.09  Vg 

1.05-1.10  vs 

rf-4c 

A2 

OTHER 

1.03-1.16  Vg 

1.05-1.15  Vs 

f-4k 

N12 

PA 

i.06  Vg 

1.05-1.10  Vg 

f-4b 

B8 

OTHER 

1.06-1.10  Vg 

1.05-1.15  Vg 

F-4b 

N9 

PA 

1.05-1.10  Vg 

1.05-1.10  vs 

Based  on  the  above,  the  stall  warning  requirements  for  stalls  lg  normal 
to  the  flight  path  are  considered  adequate  as  written. 

3. 4.2.2. 2 

As  shown  in  Table  II  (3.4.2)  the  F-4  stall  warning  occurs  within  the 
required  range.  However,  several  reports  have  documented  pilot  complaints 
that,  during  maneuvering  flight,  rapid  stick  inputs  result  in  indicated 
AOA  lag  sufficient  to  allow  overshoot  and  reduce  the  stall  warning  margin. 
Obviously  an  artificial  stall  warning  which  uses  an  AOA  input  only,  such 
as  is  used  on  the  F-4,  cannot  be  optimized  for  both  maneuvering  and  lg 
flight.  A  statement  should  be  added  which  prohibits  lag  in  the  stall  sensing 
system  from  compromising  stall  warning  in  accelerated  stalls. 

3. 4. 2. 3 

The  lateral-directional  oscillations  experienced  on  the  F-4  during 
stall/near  stall  evaluations  generally  approach  *25°  in  roll  and  ±10°  in 
yaw,  which  are  within  the  limits  established  in  this  paragraph.  The  limits 
as  written  are ,, therefore ,  considered  reasonable. 

The  requirements  on  characteristics  associated  with  permissible  mild 
nose-up  pitch  tendencies  for  unaccelerated  and  accelerated  stalls  are  con¬ 
sidered  reasonable  as  written.  However,  it  is  noted  that  these  requirements, 
which  are  generally  qualitative,  are  open  to  wide  interpretations. 

3. 4. 2. 4 

This  requirement  provides  adequate  qualitative  coverage  of  all  areas  of 
stall  prevention  and  recovery.  0 

3. 4. 2. 4.1 

Validation  of  this  paragraph  is  not  possible  due  to  lack  of  engine-out 
stall  data. 
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F.  RECOMMENDATION 

3.4.2 

None 

3.4.2. 1 
None 

3 .  U .  2 . 2 
None 

3. 4. 2. 2.1 

None 

3.4. 2.2.2 

Add  the  following  statement  at  the  end  of  the  paragraph: 

"If  stall  warning  is  provided  artificially,  lag  in  the  stall  sensing 
system  shall  not  compromise  stall  warning  for  stalls  resulting  from  rates 
of  speed  reduction  up  to  4  knots  per  second." 

3. 4. 2. 3 
None 
3.4.2.H 
None 

3. 4. 2. 4.1 
None 
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Symbol 

GW 

(lb) 

Aim 

Normal 

Load  Factor 

(g) 

Symbol 

GW 

(lb) 

Aim 

Normal 

Load  Factor 

(g) 

o 

37,000 

1.0 

0 

42,900 

1.0 

□ 

36,500 

1.0 

cr 

42,700 

1.0 

A 

36,200 

1.5 

Dr 

42,500 

1.0 

O 

35,400 

2.0 

£ 

41,900 

1.0 

V 

38,300 

1.0 

V 

41,300 

1.0 

b. 

37,600 

1.0 

ts 

40,500 

1.5 

A 

36,900 

1.0 

A 

39,500 

1.5 

36,700 

1.0 

39,100 

2.0 

V 

36,400 

1.0 

38,400 

1.5 

© 

35,900 

1.5 

37,700 

2.0 

0  1 

34,600 

2.0 

O' 

37,300 

2.0 

O' 

36,800 

2.0 

30 

Production  Angle  of 
Attack  at  Onset  of 
Moderate  Buffet 

(units)  10 

Production  Angle  of 
Attack  at  Onset  of 
Light  Buffet 
(units)  10 

30 

Production  Angle  of 
Attack  at  Onset  of 
Nose  Slicing 

(units)  20 

30 

Production  Angle  of 
Attack  at  Heavy  Wing 
Rock  (+20  deg  roll) 

(units)  20 

30 

Production  Angle  of 
Attack  at  Onset  of 
Wing  Rock 
(units)  20 

22  24  26  28  30  32  34 

Aircraft  CG  Position  <%c) 


0© 

cr 

ts 

O 

iyjrv  ( 

MODERATE  BUFFET  NOT  OBSERVED 
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Figure  1  (3.4.2) 

Stall  Approach  Characteristics 
Reference  A8,  F-4E  -  Flight  Phase  PA 
No  External  Stores 
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Symbol 

GW 

(lb) 

Aim 
Normal 
Load  Factor 

(g) 

o 

40,500 

1.0 

□ 

40,000 

1.0 

A 

39,400 

1.0 

V 

39,200 

1.0 

0 

39,000 

1.5 

D 

39,200 

2.0 

37,100 

1.0 

A 

36,500 

1.0 

36,200 

1.0 

35,700 

1.0 

Aim 

Normal 


GW 

Load  Factor 

Symbol 

(Jb) 

(g) 

""3? 

35,200 

2.0 

a 

34,800 

3.0 

or 

40.500 

1.0 

A 

39,700 

2.0 

V 

38,700 

2.0 

0 

43,500 

1.0 

Ar 

43,200 

1.0 

tx 

42,700 

2.0 

42,200 

3.0 

it 

41,700 

3.0 

<X 

41,300 

1.0 

Normal 

Load  Factor 

Nomina) 

(g) 

Mach 

1.0 

0.4 

2.0 

0.6 

3.0 

0.7 

Production  Angle  of 
Attack  at  Onset  of 
Moderate  Buffet 
(units) 


30 

10 


(^ 

V 

t 

- A 
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? 
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Attack  at  Onset  of 
Light  Buffet 
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Figure  2  (3.4.2) 

Stall  Approach  Characteristics 
Reference  A8,  F4E  -  Flight  Phase  CR 
No  External  Stores 
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Symbol 

GW 

(lb) 

0 

60,100 

□ 
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A 

49,600 
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•  44,500 
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0 
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© 
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o 
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1.0 
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Figure  3  (3.4.2) 

Stall  Approach  Characteristics 
Reference  A8,  F-4E  -  Flight  Phase  CR 
Two  370  Gal.  Tanks  +  Inb'd  Pylons 


Trim  Conditions 

Altitude  (ft)  Mach  (KCAS)  GW  (lb)  CG  (%cl 
40,800  0.87  260  36,900  32.5 


Time  (sec) 


Figure  4  (3.4.2) 
Accelerated  Stall  Approach 
Flight  Phase  CR  -  No  External  Stores 
Reference  A5,  F-4C 
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Altitude  =  8,000  ft 
GW  =  41,190  lb 
CG  =  30.2%c 
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Figure  5  (3.4.2) 

Normal  (1g)  Stall  Time  History 
Reference  NIB  —  Flight  Phase  PA 
2  Sidewinder  Missiles  + 1  600  Gal.  Centerline  Tank 


393 


Altitude  =  10,500  ft 
GW  =  36,500  lb 
CG  =32.1%c 
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Figure  6  (3.4.2) 

Time  History  of  an  Approach  Turn  Stall 
Reference  N12,  F-4K  -  Flight  Phase  PA 


3.1*. 3  Spin  Recovery 

A.  REQUIREMENT 

3.1*.  3  Spin  Recovery  -  If  spin  demonstration  is  required  by  MIL-S-25015 
or  MIL-D-8708,  consistent  prompt  recoveries  shall  he  possible  from  all  modes 
of  incipient  and  fully  developed  erect  and  inverted  spins,  using  controls  as 
required  by  the  referenced  specifications.  If  such  controls  include  a  spe¬ 
cial  spin  recovery  device,  that  device  shalj  satacfy  the  following  additional 
requirements:  required  pilot  action  shall  be  easy,  consistent,  and  simple; 
the  device  shall  be  immediately  reusable  for  several  spins  on  the  same 
flight.  Recovery  control  forces  shall  not  exceea  250  pounds  rudder,  75 
pounds  elevator,  or  35  pounds  aileron. 

B.  APPLICABLE  PARAMETERS 

Control  deflections  and  forces  and  aircraft  characteristics  during 
recovery  from  incipient  and  fully  developed  erect  and  inverted  spins . 

C.  F-U  CHARACTERISTICS 

The  F-k  provides  a  long  history  of  extensive  model  tests,  analytical 
studies  and  flight  test  investigations  to  determine  the  spin  and  spin 
recovery  characteristics  of  the  airplane.  The  chronology  of  early  model 
testing  is  summarized  as  follows: 

(1)  Free-spinning  model  tests  -  1/30  scale. 

(2)  Force  and  moment  model  tests  -  5#  scale. 

(3)  Auto-rotating  wing  tests  -  13%  scale. 

(E)  Free-flight  spin  model  tests  -  13#  scale. 

The  1/30  scale  spin  tests  exhibited  steep  erect  and  inverted  oscillatory 
spin  modes  as  well  as  a  steady  erect  flat  spin.  These  model  tests  revealed 
that  only  the  flat  spin  was  not  recoverable  by  use  of  aerodynamic  controls. 
Subsequently,  a  total  of  38  free-flight  13#  scale  radio  controlled  model 
drops  were  made.  These  tests  demonstrated  that  although  the  flat  spin 
could  be  readily  duplicated  by  pre-rotating  the  model  with  a  pro-spin  plate 
attached  to  the  wing,  in  all  but  one  case  stalled  flight  entries  produced 
steep  oscillatory  spins. 

The  original  flight  test  spin  evaluation  program  was  begun  in  i960  with 
a  formal  spin  demonstration  program  flown  by  the  Contractor.  This  demonstra¬ 
tion,  which  consisted  of  a  total  of  89  entries,  evaluated  right  and.  left 
spins,  both  erect  and  inverted  as  well  as  vertical  entries  over  a  wide  range 
of  Mach  number,  c.g.  position,  load  factor,  and  altitude.  All  developed 
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spins  exhibited  a  steep  oscillatory  mode  which  responded  readily  to  the 
Contractor's  recommended  recovery  control  technique.  The  test  airplane 
was  subsequently  lost  in  a  non-spin  accident  prior  to  commencement  of  the 
Navy  Spin  Evaluation  Program.  The  results  of  this  original  program  are 
reported  in  Reference  N3. 

A  flight  test  spin  evaluation  program  was  re-established  in  1966  to 
continue  investigation  of  the  spin  entry,  spin,  and  spin  recovery  charac¬ 
teristics  of  the  F-1*.  This  continuing  evaluation  was  initiated  as  a  result 
of  a  number  of  in-service  stall/spin  accidents.  This  program,  flown  by 
the  Naval  Air  Test  Center  (NATC),  investigated  normal  and  accelerated 
stalls/spin  entries,  post— stall  gyrations,  erect  spins  and  spin  recoveries. 

A  flat  spin  mode  was  experienced  on  two  occasions  during  this  program,  the 
results  of  which  are  reported  in  Reference  N25.  The  airplane  was  lost  when 
it  failed  to  recover  from  the  second  flat  spin. 

A  program  consisting  of  model  and  analytical  testing  was  initiated  in 
1968  to  attempt  to  define  the  cause  of  the  flat  spin  mode  and  to  determine 
an  F-4  configuration  that  would  not  have  a  non-recoverable  flat  spin  mode. 

This  program  obtained  static  and  dynamic  wind  tunnel  data  for  use  in  the 
MCAIR  six-degree  of  freedom  (SDF)  computer  program  which  studied  the  spin 
and  spin  recovery  characteristic  of  the  F-^.  The  following  quantitative 
testing  was  conducted: 

(1)  Static  force  and  moment  tests  -  1/15  scale  model 

(2)  Forced  oscillation  tests  -  1/11  scale  model 

(3)  Rotary  balance  tests  -  1/11  scale  model 

The  static  and  dynamic  force  tests  pointed  to  the  existence  of  a 
destabilizing  yawing  moment  due  to  rotation  rate  at  angles  of  attack 
approaching  the  flat  spin  region  (70°-90°).  It  was  further  shown  that  this 
yawing  moment  was  non-linear  with  rate  of  rotation. 

A  series  of  model  component-off  tests  in  conjunction  with  a  qualitative 
program  of  autorotation  and  flow  visualization  testing  by  NASA, (LRC)  disclosed 
that  the  destabilizing  yawing  moment,  which  promoted  the  flat  spin,  was 
generated  on  the  vertical  tail  by  a  vortex  from  the  horizontal  tail  surface. 
Unfortunately ,  this  flow  pattern  was  of  such  magnitude  that  it  could  not  be 
alleviated  without  a  major  airframe  redesign.  The  analytical  spin  simulation 
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study  revealed  that  the  accepted  spin  recovery  technique  of  ailerons -with, 

rudder-against ,  and  stick-back  might  not  be  as  effective  as  ailerons-with,' 

rudder- against,  and  stick-forward.  The  results  of  this  program  are  reported 
in  Reference  B15. 

A  follow-on  program,  flown  by  the  Air  Force  Flight  Teat  Center  (AFFTC), 
was  begun  in  1969,  utilizing  an  F-b£  flight  test  airplane.  This  program  was 
intended  to  investigate  the  near  stall  and  stalled  flight  conditions  which 
lead  to  loss  of  control  and  possible  spinning  of  the  aircraft.  As  opposed 
to  previous  programs  which  utilized  pro-spin  controls  to  deliberately  induce 
spin  entries ,  this  program  called  for  maneuvering  the  airplane  in  the  high 
angle  of  attack  region  with  emphasis  on  the  departure  from  controlled  flight 
such  as  the  service  pilot  might  encounter.  This  program  concentrated  on  a 
systematic  investigation  of  the  following  phases: 

(1)  Smooth  entry  stalls 

(2)  Abrupt  entry  stalls 
Unusual  entry  stalls 
Incipient  spin  recoveries 

Limits  of  drag  chute  effectiveness  as  a  recovery  device. 

The  test  program  evaluated  the  characteristics  of  the  clean  airplane  and  both 
symmetrical  and  asymmetrical  (weight  and/or  drag)  external  store  loadings 
The  program  consisted  of  57  flights,  with  a  total  of  233  departures  from 
control,  101  of  which  resulted  in  spins.  Two  flat  spins  were  encountered; 
the  aircraft  failed  to  recover  from  the  second  due  to  an  inadvertent 
release  of  the  emergency  spin  recovery  parachute.  This  program  did,  however, 
confirm  that  the  stick-forward  technique  provided  effective  recovery  from  all 

spin  modes  other  than  the  flat  spin.  Results  of  this  evaluation  are  reported 
in  Reference  A 9. 


(3) 

(h) 

(5) 


D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Only. three  reports  provide  any  significant  pilot  comments  on  the  spin 
characteristics  of  the  F-k.  Reference  N25  evaluated  the  spin  and  recovery 
characteristics  of  the  F-LB  and  Reference  318  provided  comments  on  the  BIS 

trials  of  the  F-kJ.  The  F-lffi  stall/near  stall  investigation  results  are 
reported  in  Reference  A 9. 

Reference  B25  evaluated  both  left  and  rigbt  apins  from  normal  and 
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accelerated  stalls  at  entry  altitudes  from  38,000  to  46 ,000  ft: 
o  "A  typical  spin  was  initiated  by  applying  pro-spin  controls  at  the 

stall  which  resulted  in  the  airplane  yawing  in  the  direction  away  from  the 
applied  aileron.  After  the  initial  yaw  the  airplane  would  pitch  nose-down 
to  about  60°  to  80°  at  the  1/4  turn  position  followed  by  an  increase  in  yaw 
rate.  After  1/2  turn  in  yaw  the  airplane  would  pitch  up  to  near  level  and 
in  some  cases  10°  to  20°  ANU ,  depending  upon  the  energy  conditions  at  entry. 
The  yaw  rate  was  usually  at  a  minimum  when  the  pitch  attitude  (and  angle  of 
attack)  was  at  a  maximum.  The  airplane  was  concurrently  oscillating  160° 
in  roll  with  no  apparent  relationship  to  pitch  or  yaw.  The  motions  were 
extremely  oscillatory  for  the  first  2  to  3  turns.  After  3  to  4  turns 
steady-state  conditions  were  approached  and  although  the  oscillations 
remained,  the  amplitude  and  period  became  constant. . .Pro-spin  controls  were 
held  for  up  to  4-1/2  turns .  The  characteristics  of  the  spin  were  similar 
for  both  left  and  right  spins ;  however,  each  spin  was  different  in  some 
aspect  from  the  others  even  under  apparently  identical  entry  conditions. 

Time  history  data  for  a  typical  steep  oscillatory  spin  are  presented  in 

Figure  1  (3.4.3)  • 

"The  recovery  technique  used  after  one  turn  in  the  incipient  stage 
and  in  the  fully  developed  spin  was  full  aft  stick,  full  rudder  against  the 
spin,  and  full  aileron  with  the  spin.  This  technique  would  generally  affect 
recovery  in  1/2  to  1-1/2  turns... The  primary  visual  cue  that  recovery  had 
been  effected  was  the  cessation  of  yaw.  As  the  yaw  rate  stopped  the  controls 
had  to  be  neutralized  rapidly  to  prevent  a  reversal.  The  time  at  which  con¬ 
trols  were  neutralized  was  critical.  If  controls  were  neutralized  before  the 
yaw  rate  ceased,  the  airplane  would  accelerate  back  into  the  spin...,  and  if 
they  were  not  neutralized  within  the  one  second  after  the  yaw  rate  stopped, 
the  spin  direction  would  reverse... in  most  cases,  the  recovery  was  indis¬ 
tinct  because  of  residual  oscillations,  particularly  in  roll.  Even  though 
the  yawing  had  been  arrested  and  the  angle  of  attack  was  below  stall  the 
aircraft  would  roll  up  to  540°  in  the  same  direction  as  the  terminated  spin. 
The  residual  oscillations  were  easily  mistaken  for  a  continuation  of  the 

spin. " 

The  second  flat  spin  encountered  in  this  program  and  the  one  in  which 
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the  airplane  was  lOBt  occurred  from  a  normal  stall  entry  at  44,000  ft. 

The  pilot  attempted  to  enter  a  right  erect  spin  by  applying  pro-spin  con¬ 
trols  as  the  airplane  stalled,  with  both  throttles  at  idle.  The  airplane 
entered  a  post-stall  gyration  but  would  not  progress  to  the  incipient  spin 
stage.  After  15  sec.  the  pilot  attempted  to  terminate  the  post-stall  gyra¬ 
tion  by  neutralizing  the  rudder  and  aileron  and  by  placing  the  stick  forward 
of  neutral: 

"A  left  yaw  rate  developed,  and  the  airplane  entered  a  left  inci¬ 
pient  spin.  After  1-2  turns  the  oscillations  diminished  and  the  flat  spin 
mode  became  apparent.  Anti-spin  controls  were  applied  but  had  no  significant 
effect  on  the  spin  characteristics.  The  drag  chute  was  deployed  at  33,000 
ft,  but  again  it  streamed,  did  not  blossom,  and  had  no  effect  on  the  spin. 

At  27,000  ft  the  emergency  spin  recovery  chute  was  deployed,  but  it  also 
streamed.  As  a  last  resort  the  flight  controls  were  cycled  in  an  attempt 
to  induce  oscillations  in  the  spin  motions  and/or  to  change  the  wake  charac¬ 
teristics  between  the  airplane  and  the  spin  chute.  The  only  apparent  effect 
of  the  control  cycling  was  an  increase  in  yaw  rate  to  above  100°/sec." 
Reference  N25,  F-4B.  Telemetry  time  history  data  of  this  spin  are  presented 
in  Figure  2  (3.4.3). 

Reference  Nl8  did  not  provide  any  additional  F-4  spin  characteristics 
data,  but  referred  back  to  the  program  of  Reference  N25  above: 
o  "Aerodynamic  differences  between  the  F-4B  and  the  F-4J  in  the  cruise 

configuration  are  minor  and  arc  not  considered  to  change  the  F-4j  spin 
characteristics  significantly.  In  view  of  the  demonstrated  spin  charac¬ 
teristics  of  the  F-4B  and  the  minor  aerodynamic  differences  between  the 
F-4B  and  F-4J  airplane  in  the  cruise  configuration,  the  F-4J  is  considered 
to  have  the  same  unsatisfactory  spin  characteristics  as  the  F-4B,  until 
demonstrated  otherwise.  The  presence  of  an  unrecoverable  flat  spin  mode 
precludes  utilization  of  the  F-4J  during  tactical  maneuvering  with  a  satis¬ 
factory  degree  of  safety  (Cooper  Rating  9). 11  (This  assigned  Cooper  Rating 
translates  to' 14  on  the  Cooper-Harper  Rating  scale).  Reference  Nl8,  F-4 J . 

As  discussed  previously,  the  AFFTC  investigated  the  stall/near  stall 
flight  characteristics  of  an  F— 4e  with  representative  operational  store 
loadings  in  the  maximum  performance  maneuvering  environment.  Maximum  per¬ 
formance  maneuvering  is  obtained  at  19-20  units  AOA,  wherein  the  airplane 

399 


encounters  light  to  moderate  "buffet  and  a  nose  rise  tendency.  In  this 
region,  rudder  becomes  the  primary  roll  control  due  to  dihedral  effect. 

Out  of  control  characteristics  and  spin  susceptibility  were  evaluated  in 
three  basic  loading  groups:  (l)  clean  loadings,  (2)  symmetrical  high 
drag/weight  and  low  asymmetric  loadings,  and  (3)  medium  to  high  asymmetric 
loadings .  In  general : 

o  "...any  severe  out-of— control  event  could  be  classified  as  either  a 
rolling  departure  or  a  spin." 

Of  the  total  of  233  departures  from  controlled  flight  encountered  dur¬ 
ing  this  program:  (l)  39$  of  the  clean  loading  departures  resulted  in  spins, 
(2)  24$  of  the  symmetric  high  drag/weight  and  low  asymmetric  loading  depar¬ 
tures  resulted  in  spins,  and  (3)  81$  of  the  medium  to  high  asymmetric  load¬ 
ing  departures  restated  in  spins.  All  other  out-of-control  events  resulted 
in  rolling  departures: 

"Airplane  loading,  c.g.  location,  entry  attitude,  speed  and  AOA  rate 
influenced  whether  the  post-stall  event  would  be  a  rolling  departure  or  a 
spin." 

"Most  departures  with  the  high  drag  symmetric  and  low  asymmetry  load¬ 
ings  tended  toward  rolling  departures  rather  than  spins.  Spin  susceptibil¬ 
ity  was  increased  by  an  aft  c.g.,  a  higher  entry  speed,  or  a  nose  low 
attitude." 

"A  spin  was  unavoidable  with  the  medium  to  high  asymmetry  loading  if 
the  departure  yaw  rate  built  up  sufficiently  and/or  the  subsequent  roll  had 
started  prior  to  initiating  a  forward  stick  recovery. 

43$  of  all  departures  resulted  in  a  spin.  The  types  of  spin  encountered 
were  classified  into  five  modes:  (l)  steep-smooth,  (2)  steep-mildly  oscil¬ 
latory,  (3)  steep-oscillatory,  (4)  high  AOA  -  highly  oscillatory,  and  (5) 
flat. 

"Spin  susceptibility  and  spin  modes  were  found  to  be  most  Influenced 
by  loading,  c.g.  position,  entry  attitude,  and  entry  speed.  Departures  that 
developed  into  spins  included  the  cruise,  combat,  dive,  descent,  and  half¬ 
flap  configurations." 

"It  should  be  re-emphasized  that  each  spin  developed  from  an  out-of- 
control  condition  with  recovery  generally  attempted  immediately  at 
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departure  and  with  no  intentional  pro-spin  control  inputs .  Pro-spin  stabi- 
lator ,  aileron,  and  rudder,  if  applied  and  held  for  several  turns,  would 
eliminate  or  modify  one  or  more  of  the  modes  experienced.  (This  may  explain 
the  different  spin  characteristics  observed  during  the  Navy  F-4B  Spin  Evalua¬ 
tion,  Reference  N25).  The  flat  mode  may  have  resulted  more  often  for  the 
loadings  and  c.g.  ranges  tested  if  pro-spin  controls  had  been  used." 

Reference  A9,  F-4E. 

E.  DISCUSSION 

The  early  free-spinning  model  tests  pointed  to  the  existence  of  a  flat 
spin  mode  on  the  F-4.  Numerous  attempts  to  duplicate  this  mode  with  the  13$ 
radio  controlled  free-flight  model  from  a  stalled  entry  resulted  in  encounter¬ 
ing  only  one  flat  spin.  The  extensive  original  spin  demonstration,  in  which 
no  evidence  of  the  flat  spin  mode  was  indicated,  led  to  the  conclusion  that 
this  mode  could  not  be  duplicated  with  the  full  scale  airplane.  In  fact,  it 
was  not  until 'nearly  1967  that  a  documented  flat  spin  was  encountered  with 
the  F-4.  This  experience  leads  to  the  conclusion  that  even  an  extensive 
spin  demonstration  program  does  not  always  expose  the  most  critical  problems. 

In  the  12-1/2  year,  3,926,000  flight  hour  history  of  the  F-4  aircraft 
with  the  U.S.  Navy  and  U.S.  Air  Force,  a  total  of  80  F-4’s  of  all  models 
have  been  lost  as  a  result  of  stall/spin  accidents.  This  is  an  average  rate 
of  2  per  100,000  flying  hours,  with  the  current  rate  being  1.36  per  100,000 
flying  hours.  The  reduction  is  attributed  to  more  intensive  training  and 
briefing  on  the  part  of  Navy,  Air  Force  and  MCAIR . 

Two  of  these  80  aircraft  were  the  flight  test  vehicles  involved  in 
investigating  the  stall/spin  modes  of  the  F-4.  Both  of  these  test  vehicles 
had  encountered  the  flat  spin  mode  and  were  recovered  by  the  use  of  their 
spin  recovery  parachutes.  The  aircraft  were  both  lost  when  they  encountered 
the  unrecoverable  flat  spin  mode  and  their  spin  parachutes  failed.  Outside 
of  these  two  test  aircraft,  the  incidence  of  flat  spins  in  operational  use 
appears  to  be  very  low,  based  on  inspection  of  impact  sites  (when  available) 
and  the  approximate  entry  altitude  of  the  aircraft  maneuver  precipitating 
the  stall/spin  condition.  Of  the  78  aircraft  lost  operationally,  24  were  from 
maneuvers  entered  below  2000  ft.  terrain  clearance.  Of  course,  recovery  from 
even  an  intentional  stall  condition  in  this  altitude  range  is  marginal.  An 
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additional  29  aircraft  were  lost  from  maneuvers  entered  between  2000  and 
10,000  ft.  terrain  clearance.  It  is  considered  unlikely  that  the  aircraft 
would  have  time  prior  to  impact  to  establish  a  steady  state  spin  mode  from 
this  altitude  range.  The  remaining  25  aircraft  were  lost  as  a  result  of 
maneuvers  commenced  above  10,000  t.  This  altitude,  of  course,  would  allow 
ample  time  for  the  aircraft  to  generate  a  steady  state  spin  mode  were  it 
inclined  to  do  so.  It  was  impossible  to  examine  the  impact  sites  of  all 
25  of  these  aircraft,  since  many  of  them  impacted  the  ocean.  Of  the  acces¬ 
sible  sites  examined,  more  than  half  revealed  the  impact  pattern  of  an  air¬ 
craft  at  relatively  high  speed  indicating  the  aircraft  had  recovered  from 
its  stall/spin  condition  after  ejection  of  the  aircrew  and  prior  to  impact. 
In  only  one  case  did  the  wreckage  pattern  positively  indicate  ground  impact 

in  a  stabilized  flat  spin. 

The  practice  with  "classic"  spin  demonstration  programs  has  been  to ^ 
investigate  spin  and  spin  recovery  characteristics  by  deliberately  spinning 
the  airplane.  This  technique  would  seem  to  be  of  dubious  value,  particu¬ 
larly  when  only  one  of  the  four  flat  spins  encountered  in  F-4  test  programs 

resulted  from  a  deliberate  pro-spin  control  entry. 

The  service  history  of  the  F-4,  which  has  highlighted  low  altitude 
meneuvering  problems,  also  tends  to  obsolete  the  Navy  and  Air  Force  "classic 
spin  programs.  Of  more  importance  to  operational  users  is  the  possibility 
or  susceptibility  of  entering  a  spin  while  performing  typical  maneuvers. 

A  program  which  concentrates  on  stall  and  spin  prevention  investigation, 
including  the  aircraft’s  entire  configuration  matrix,  such  as  flown  by  the 
AFFTC  on  the  F-kE  (Reference  A9)  provides  the  pertinent  answers  on  spin 
susceptibility  during  high  angle  of  attack  maneuvering.  As  illustrated  in 
the  service  history  discussion  abo^e,  good  spin  recovery  characteristics 
are  of  little  consequence  if  the  spin  is  entered  with  insufficient  altitude 

for  recovery. 

F .  RECOMMENDATION 

Consideration  should  be  given  to  revising  spin  demonstration  require¬ 
ments  to  include  'an  evaluation  of  spin  susceptibility. 
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Figure  1  (3.4.3) 

Right  Oscillatory  Spin  With  Reversal 
Reference  N25,  F*4B 
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3.4.4  Roll-Pitch-Yaw  Coupling 


A.  REQUIREMENT 

3,4.1*  Roll-Pitch-Yaw  Coupline  -  For  Class  I  and  IV  airplanes  in 
rudder-pedal-free,  elevator-control- fixed,  maximum-performance  rolls 
through  360  degrees,  entered  from  straight  flight  or  from  turns,  pushovers, 
or  pul  Tups  ranging  from  Og  to  0.8  nj,*  the  resulting  yaw  or  pitch  motions 
and  sideslip  or  angle  of  attack  changes  shall  neither  exceed  structural 
limits  nor  cause  other  dangerous  flight  conditions  such  as  uncontrollable 
motions  or  roll  autorotation.  During  combat-type  maneuvers  involving  rolls 
through  angles  up  to  360  degrees ,  the  yawing  and  pitching  shall  not  be  so 
severe  as  to  impair  the  tactical  effectiveness  of  the  maneuver.  These 
requirements  define  Level  1  and  Level  2  operation.  For  Class  II  and  Class 
III  airplanes,  these  requirements  apply  in  rolls  through  120  degrees. 

B.  APPLICABLE  PARAMETERS 

Roll-pitch-yaw  coupling  during  maximum  performance  rolls . 

C.  F-4  CHARACTERISTICS 

The  F-4  is  placarded  against  360°  rolls  entered  at  less  than  Og. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

None. 

E.  DISCUSSION 

None;  the  requirement  appears  reasonable  as  written. 

F.  RECOMMENDATION 

None. 
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3.^.5  Control  Harmony 

A.  REQUIREMENT 


3.^.5  Control  Harmony  -  The  elevator  and  aileron  force  and  displace¬ 
ment  sensitivities  and  breakout  forces  shall  be  compatible  so  that  inten¬ 
tional  inputs  to  one  control  axis  will  not  cause  inadvertent  inputs  to  the 
other. 

3. i*.  5.1  Control  Force  Coordination  -  The  cockpit  control  forces  re¬ 
quired  to  perform  maneuvers  which  are  normal  for  the  airplane  should  have 
magnitudes  which  are  related  to  the  pilot's  capability  to  produce  such  forces 
in  combination.  The  following  control  force  levels  are  considered  to  be 
limiting  values  compatible  with  the  pilot's  capability  to  apply  simultaneous 
forces: 

Type  Control  Elevator  Aileron  Rudder 

Center-stick  50  pounds  25  pounds  175  pounds 

Wheel  75  pounds  40  pounds  175  pounds 

B.  APPLICABLE  PARAMETERS 

Cockpit  control  force,  deflection  and  breakout  characteristics. 

C.  F-b  CHARACTERISTICS 

All  the  relevant  characteristics  are  somewhat  dependent  on  the  type 
of  longitudinal  feel/trim  system.  For  descriptions  of  the  various  systems, 
refer  to  Section  II.  The  comments  are  all  concerned  with  force  levels,  de¬ 
flections  either  being  satisfactory  or,  as  is  the  impression  gained  from 
evaluation  of  other  parts  of  the  specification,  of  little  consequence  to 
the  pilot.  Apparently,  the  pilot  opinions  are  influenced  by  the  combined 
effect  of  breakout  forces  and  force  levels;  consequently,  the  comments  on 
both  are  presented  together  in  Table  I  (3. 5*2.1;.  No  background  is  avail¬ 
able  e  to  3 . U . 5 • 1 • 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Feel/Trim  System  SI 

o  "A  normal  takeoff  requires  a  pull  force  of  approximately  15  lb. 
to  rotate  the  airplane  . . .  There  was  a  tendency  to  overcontrol  the  airplane 
laterally  during  takeoff  on  the  first  few  flights  due  to  the  deterioration 
of  contro]  force  harmony  as  the  airplane  is  rotated." 
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"Control  force  harmony  during  maneuvering  flight  is  objectionable. 

This  condition  should  improve  when  the  unacceptable  longitudinal  stick 
forces  for  maneuvering  are  brought  to  a  satisfactory  level.  Poor  control 
force  harmony  during  takeoff  results  from  the  high  (approximately  15  lb) 
forces  required  to  pull  the  airplane  off  the  runway  thereby  giving  the  air¬ 
plane  an  apparent  lateral  sensitivity.  Throughout  the  remainder  of  the 
flight  envelope  control  harmony  is  satisfactory."  Reference  Nl,  F^H-1. 
o  "Lack  of  control  force  harmony  during  maneuvering  flight  is 

objectionable.  The  high  breakout  forces  [elevator  control  1  to  1-1/2  lbs, 
aileron  1  to  1-1/2  pounds,  rudder  k  to  5  pounds;  these  forces  are  not  the 
object  of  specific  complaints  other  than  in  this  passage  of  the  evaluation] 
and  the  shallow,  non-linear  force  gradient  of  the  lateral  control  system 
are  not  compatible  with  the  relatively  high  maneuvering  control  force  gra¬ 
dient  of  the  longitudinal  control  system,  particularly  at  high  Mach  numbers. 
This  causes  a  tendency  to  overcontrol  laterally.  A  more  Linear  and  steeper 
lateral  force  gradient  is  desirable  for  improved  service  use."  Reference 

WU,  F4H-1/-1F. 

Feel/Trim  System  S3 

o  "Control  force  harmony  was  qualitatively  evaluated  during  aerobatics, 

simulated  ACM,  formation  flight,  aerial  refueling,  and  larding  approaches. 
Evaluation  pilots  unanimously  agreed  that  longitudinal-lateral  control  force 
harmony  in  maneuvering  flight  was  enhanced  with  the  longitudinal  downsprings 
removed  [feel/trim  system  S3].  Lateral  control  breakout  forces  (were)  .  .  • 
undesirably  high,  ...  but  the  reduction  in  longitudinal  control  forces 
during  tactical  maneuvering  resulted  in  improved  control  force  harmony  when 
maneuvering  beyond  the  lateral  control  breakout  force  (Rating  C2).  The  re¬ 
duction  of  longitudinal  control  breakout  forces  in  the  [S3]  configuration 
resulted  in  an  excessive  lateral-longitudinal  control  force  ratio  in  landing 
approaches  where  the  pilot  normally  uses  very  small  control  displacements, 
which  are  just  out  of  the  control  friction-breakout  band  (Rating  C3).  Cor¬ 
rection  of  this  unbalance  of  control  forces  in  configuration  PA  is  desirable 
for  improved  service  use."  Reference  Nil,  F/RF-^B. 

o  "The  high  lateral  breakout  forces  and  the  low  longitudinal  breakout 

forces  resulted  in  a  control  force  ratio  (greater  than  6:1)  which  was 


excessive  for  the  precise  coordination  required  during  a  carrier  approach 
(Rating  C4.5)."  Reference  N12,  F-4K. 

o  "...  a  4  lb  lateral  force  and  a  longitudinal  force  of  less  than 

1  lb  [in  PA/TO  configurations]  resulted  in  unsatisfactory  control  force 
harmony  (Rating  C4.5).  If  the  longitudinal  control  breakout  forces  were 
increased,  the  lateral  control  breakout  forces  would  probably  not  be  objec¬ 
tionable,  and  the  control  force  harmony  would  be  satisfactory."  Reference 
H13,  F-4M. 

o  "The  longitudinal  breakout  forces  of  less  than  -  1/2  lb  .  .  .  were 

objectionable,  particularly  during  approaches  (Rating  C4.5).  The  lateral 
breakout  forces  were  satisfactory  but  the  resultant  longitudinal  to  lateral 
breakout  control  force  ratio  of  greater  than  1:3  was  undesirable  and  was 
a  contributing  factor  to  the  pcior  approach  kindling  qualities." 

"The  poor  control  force  harmony  resulted  in  unwanted  longitudinal  in¬ 
puts  during  the  many  small  bank  angle  changes  required  for  precise  line-up. 
The  combination  of  longitudinal  stick  centering  and  poor  control  force 
harmony  was  apparent  when  the  airplane  was  turned  at  the  l80  degree  position 
after  it  was  trimmed  to  "on  speed"  during  the  downwind  leg.  Since  the  pilot 
was  generally  not  looking  in  the  cockpit  and  concentrating  on  angle-of- 
attack  during  the  turn,  the  lateral  stick  input  generally  resulted  in  an  in¬ 
advertent  aft  longitudinal  input  and  the  angle-of-attaek  would  increase 
until  the  rudder  shaker  actuated.  This  occurred  consistently  when  the  air¬ 
plane  was  trimmed  to  "on  speed,"  but  could  be  precluded  by  trimming  nose 
down  (3-4  lb  pull  force)  during  the. downwind  leg.  This  helped  the  problem 
somewhat  since  inadvertent  aft  stick  movements  were  averted,  but  is  not  a 
solution  since  it  introduced  still  another  task  (retrimming)  at  the  top  of 
the  glide  slope."  Reference  M23,  F-4M. 

Feel/Trim  System  S4 

o  "Reduction  of  positive  longitudinal  control  centering  for  aft  stick 
displacements  .  .  .  and  the  decreased  maneuvering  control  force  gradients  . 

.  .  degraded  control  force  harmony  for  the  reduced  bobweight  [S4]  config- 
-Uration  to  an  unsatisfactory  level  (Rating  C4.5).  Poor  longitudinal  control 
centering  did  not  provide  adequate  stick  force  cues  for  small  normal 


acceleration  commands  during  LflHS  maneuvering  flight,  where  high  control 
sensitivity  dictates  small  control  displacements.  This  aggravated  the 
tendency  to  overcontrol  the  airplane.”  Reference  till,  F/RF— 4b. 
o  ’’Lateral  control  feel  was  .  .  .  felt  to  he  heavier  than  longitudinal 
feel.  Although  heavier  lateral  than  longitudinal  feel  is  undesirable, 
control  harmony  during  a  rolling  pullout  maneuver  was  evaluated  and  found 
to  he  satisfactory*’1  Reference  A4,  F/RF-4C. 

E.  DISCUSSIOH 

The  comments  confirm  the  necessity  for  satisfactory  control  force 
harmony. 

The  concern  with  breakout  force  harmony  can  he  supported  with  some 
numerical  background.  The  minimum  longitudinal  to  lateral  breakout  force 
ratio  resulting  in  adverse  comment  is  about  1:3-  Reference  to  Table  I 
{3.5.2.13  shows  that  a  longitudinal  to  lateral  ratio  of  1:1-5  produces  no 
adverse  comment  concerning  harmony  and  neither  does  a  ratio  of  2:1.  The 
data  are  far  from  being  conclusive,  but  they  do  indicate  that  pilots  might 
complain  about  a  Ion  gi  t  udin  al  /  lat  er  al  or  lateral /longitudinal  breakout 
force  ratio  above  two.  :The  contribution  of  this  deficiency  to  flying 
qualities,  particularly  in  the  critical  Category  C  Flight  Phases,  is  signi¬ 
ficant  enough  that  an  attempt  at  a  numerical  specification  would  be  worth¬ 
while. 

F.  RECOMMENDATIONS 

3.4.5 

The  requirement  should  be  expanded  to  read: 

"3.4.5  Control  Narmony  -  The  elevator  and  aileron  force  and  dis¬ 
placement  sensitivities  and  breakout  forces  shall  be  compatible  so  that 
intentional  inputs  to  one  control  axis  will  not  cause  inadvertent  inputs 
to  the  other.  For  any  Flight  Phase,  breakout  forces  for  one  of  the  two 
axes  greater  than  twice  that  for  the  other  axis  will  not  be  permitted  if 
they  result  in  objectionable  flying  qualities." 

3-4.5-i 

None. 
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3.4.6  Buffet 


A.  REQUIREMENT 

3.4.6  Buffet  -  Within  the  boundaries  of  the  Operational  Flight 
Envelope,  there  shall  be  no  objectionable  buffet  which  might  detract  from 
the  effectiveness  of  the  airplane  in  executing  its  intended  missions. 

B.  APPLICABLE  PARAMETERS 

This  requirement  calls  for  determination  of  the  objectionable  buffet 
boundary,  which  is  strictly  dependent  upon  pilot  judgement. 

C.  F-4  CHARACTERISTICS 

The  only  portion  of  the  F-4  flight  envelope  where  buffet  becomes  a 
factor  in  determining  the  operational  boundary  is  the  subsonic,  high  normal 
force  region.  As  indicated  in  Figures  1  and  2  (3.4.6),  both  buffet  onset 
and  maximum  attainable  normal  force  exceed  the  requirements  of  the  F-4 
Detail  Specification,  Reference  B6. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Reference  AT  reported  the  results  of  the  Category  II  evaluation  of  the 

F-4E  in  which  maximum  maneuvering  capability  was  determined.  Data  is  shown 

on  Figure  1  (3.4.6)  in  support  of  the  comment  presented  below: 

o  "Although  the  buffet  boundary  met  the  requirements  of  (Reference 

B6),  buffet  onset  occurred  at  AOA’s  too  far  below  the  maximum  maneuvering 

capability.  Much  of  normal  maneuvering  within  the  operational  envelope 

had  to  be  done  in  buffet,  particularly  at  high  altitudes.  Mild  turns  of 

less  than  2g's  resulted  in  buffet  while  subsonic  above  30,000  feet.  This 

premature  onset  of  buffet  compromised  the  effectiveness  of  buffet  as  a 

stall  warning.  In  addition,  the  buffet  in  many  cases  was  severe  enough  to 

completely  mask  the  artificial  stall  warning  device  (rudder  pedal  shaker). 

The  buffet  onset  AOA  should  be  increased  to  an  AOA  corresponding  to  at 

least  85  percent  of  C  maximum."  Reference  AT,  F-4E. 

n 

The  Phase  I  NPE  on  the  F4H-1,  Reference  Nl,  offered  the  following 
comment: 

o  "General  airframe  buffet  was  experienced  in  configuration  PA  and 
is  unacceptable  because  it  is  disconcerting  to  the  pilot  under  all-weather 
conditions.  Correction  of  this  deficiency  is  mandatory."  Reference  Nl,  F4h~1, 


The  F-4J  BIS  report  (Reference  Nl8)  evaluated  the  subsonic  buffet 
boundary  and  reported  the  following: 

o  "The  F-4j  exhibits  unsatisfactory  subsonic  buffet  boundary  at  high 
altitudes.  During  high  altitude  (above  30,000  ft)  subsonic  maneuvering 
flight  with  military  thrust,  mild  turns  of  less  than  2.0g  resulted  in  light 
to  moderate  airframe  buffet  that  caused  a  rapid  drop  in  airspeed  to  0.7M  or 
below.  Although  the  buffet  boundary  meets  the  requirements  of  (Reference  Bl), 
the  high  altitude  subsonic  maneuvering  capabilities  of  the  F-4J  are 
unsatisfactory  since  the  airplane  is  far  less  maneuverable  than  other  con¬ 
temporary  fighters .  The  use  of  afterburner  results  in  only  slight  improve¬ 
ment  in  the  maneuvering  capability  at  a  great  expense  in  fuel  since  the 
deficiency  lies  in  the  lifting  capability  of  the  airplane.  At  supersonic 
speeds ,  the  buffet  boundary  is  improved  but  afterburner  is  required  to 
remain  supersonic  and  the  increased  fuel  consumption  precludes  prolonged 
supersonic  flight.  The  poor  high  altitude  subsonic  buffet  boundary  limits 
airplane  effectiveness  and  correction  is  desirable  for  improved  service 
use."  Reference  Nl8,  F-4J,  Figure  2  (3.4.6). 

E.  DISCUSSION 

Ideally,  it  is  desirable  to  restrict  the  buffet  region,  particularly 
the  subsonic  buffet  boundary,  to  as  small  a  percentage  of  the  operational 
flight  envelope  as  possible.  In  the  F-4,  buffet  onset  occurs  at  fairly 
low  angles  of  attack,  and  although  meeting  the  requirements  of  the  Detail 
Specification,  is  objectionable  to  the  pilots. 

The  term  "objectionable  buffet"  is,  unfortunately,  subject  to  wide 
interpretation.  For  example,  although  customer  test  pilots  complain  of  F-4 
buffet  at  low  angles  of  attack,  many  operational  pilots  do  not  find  the 
buffet  particularly  objectionable  so  long  as  handling  qualities  and  tracking 
ability  are  not  compromised.  Admittedly,  this  opinion  varies  from  pilot 
to  pilot  and  so  a  more  descriptive  or  definitive  term  than  "objectionable 
buffet"  can  not  be  recommended. 

F.  RECOMMENDATION 


Symbol 

Loading 

Alt  (ftl 

CG  (%c! 

GW  (lb) 

O 

4  AIM-7's 

35,000 

31.6 

38,000 

0 

4  AIM-7’5 

40,000 

27.0 

34,410 

A 

4  AIM-7's 

35,000 

32.0 

41,000 

□ 

2  AlM-7's 

10,000 

32.0 

38,000 

2  sidewinders 
t  600  gal  C.L.  tank 


Trimmed  Normal 
Force  Coefficient 


‘  CN 


Figure  2  (3.4.6) 

Maximum  Usable  Lift  And  Buffet  Onset 
Normal  Force  Coefficient 
Reference  N18,  F-4J 
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3.4.7  Release  of  Stores 


3.4.8  Effects  of  Armament  Delivery  and.  Special  Equipment. 


A.  REQUIREMENT 


3,4.7  Release  of  Stores  -  The  intentional  release  of  any  stores  shall 
not  result  in  objectionable  flight  characteristics  for  Levels  1  and  2.  How¬ 
ever,  the  intentional  release  of  stores  shall  never  result  in  dangerous  or 
intolerable  flight  characteristics.  This  requirement  applies  for  all  flight 
conditions  and  store  loadings  at  which  normal  or  emergency  store  release  is 
structurally  permissible. 


3.4.8  Effects  of  Armament  Delivery  and  Special  Equipment  -  Operation 
of  moveable  parts  such  as  bomb  bay  doors ,  cargo  doors ,  armament  pods , 
refueling  devices,  and  rescue  equipment,  or  firing  of  weapons,  release  of 
bombs,  or  delivery  or  pickup  of  cargo  shall  not  cause  buffet,  trim  changes, 
or  other  characteristics  which  impair  the  tactical  effectiveness  0  ® 

airplane  under  any  pertinent  flight  condition.  These  requirements  shall 
be  met  for  Levels  1  and  2. 


B.  APPLICABLE  PARAMETERS 

Effect  of  external  stores  release  on  flying  qualities ;  particularly 

on  longitudinal .characteristics . 

C.  F-4  CHARACTERISTICS 

Aircraft  response  due  to  gross  weight,  center  of  gravity,  and  longitu¬ 
dinal  stability  changes  during  release  of  external  stores  can  result  in 
significant  normal  load  factor  excursions.  This  characteristic,  sometimes 
referred  to  as  "G  Jump" ,  has  been  demonstrated  during  F-4  flight  testing  to 
be  most  severe  for  inboard  wing  mounted  (B.L.  81.50)  external  stores  at 
high  subsonic  Mach  numbers;  e.g.,  flight  testing  has  demonstrated  that  a 
significant  "G  Jump"  is  experienced  during  ripple  release  of  MH7  and  CBU- 
24  bombs  from  B.L.  81.50  stations.  In  the  ripple  mode,  bombs  are  released 
singularly  at  a  preselected,  timed  interval  -  alternating  from  the  left  and 
right  wing  stations  -  continuing  until  the  bomb  button  is  released.  The 
int ervalometer  setting,  normally  .06  seconds  to  .14  seconds,  and  pilot 
reaction,  in  terras  of  stabilator  input,  to  the  initial  pitching  acceleration 
can  have  significant  effect  on  the  magnitude  of  the  "G  Jump."  Typically,  a 
ripple  release  of  5  M117  bombs  from  B.L.  8I.5O  station  gives  an  abrupt  aft 
c.g.  shift  of  about  3 jtfc  and  a  jump  in  aircraft  load  factor  of  nearly  4g's. 
Figure  1  (3.4.7)  presents  a  time  history  of  such  a  release. 


4l4 


D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

No  customer  reports  contain  pilot  comments  associated  with  stores 
release.  The  contractor  pilot  comments  associated  with  the  "G  Jump"  shown 
in  Figure  1  (3.4.7)  were  as  follows : 

o  "Abrupt  positive  Nz  transient  to  approximately  4.5g  absolute  approxi¬ 
mately  1/2  second  after  bombs  leave  aircraft." 

o  From  a  purely  qualitative  and  very  brief  impression,  the  g  transient 
appeared  to  result  from  a  vertical  rather  than  rotational  input." 

E.  DISCUSSION 

3.4.7 

F-4  experience  validates  the  need  for  this  requirement.  The  require¬ 
ment  is  considered  reasonable  as  written. 

3.4.8 

No  F-4  data  is  available  to  evaluate  this  requirement. 

F.  RECOMMENDATIONS 

3.4.7 

None. 

3.4.8 

None 
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Model  F-4 


ANz-g'i 


0  (deg/sec) 


(2)  370  Gallon  Wing  Tanks  at  Outboard  Wing  Stations 
+  (5)  M-1 17  Bombs  at  Inboard  Wing  Stations 
M  =  0.953  Alt  =  4080  ft 
Initial  GW:  42,100  lb 
Final  GW:  37,7381b 
Initial  Center  of  Gravity:  27.9%  c 
Final  Center  of  Gravity:  31.2%  c 
TER  Rack  Weapon  Loading  Positions: 


Left  Hand  Inboard  Right  Hand  Inboard 

External  Store  Station  External  Store  Station 

Release  Sequence:  13-16-15-18-17  (0.06  Second  Ripple  Mode) 


0  1  2 
(time  -  sec) 


Figure  1  (3.4.7) 

Example  of  "G  Jump"  Characteristics 
Following  External  Store  Release 


hl6 


3.4.9  Transients  Following  Failures 

3.4.10  Failures 

A.  REQUIREMENT 

3.4.9  Transients  Following  Failures  -  The  airplane  motions  following 
sudden  airplane  system  or  component  failures  shall  be  such  that  dangerous 
conditions  can  be  avoided  by  pilot  corrective  action.  A  realistic  time 
delay  between  the  failure  and  initiation  of  pilot  corrective  action  shall 
be  incorporated  when  determining  compliance.  This  time  delay  should  include 
an  interval  between  the  occurrence  of  the  failure  and  the  occurrence  of  a 
cue  such  as  acceleration,  rate,  displacement,  or  sound  that  will  definitely 
indicate  to  the  pilot  that  a  failure  has  occurred,  plus  an  additional  inter¬ 
val  which  represents  the  time  required  for  the  pilot  to  diagnose  the  situa¬ 
tion  and  initiate  corrective  action. 

3.4.10  Failures  -  No  single  failure  of  any  component  or  system  shall 
result  in  dangerous  or  intolerable  flying  qualities;  Special  Failure  States 
(3. 1.6. 2.1)  are  excepted.  The  crew  member  concerned  shall  be  provided  with 
immediate  and  easily  interpreted  indications  whenever  failures  occur  that 
require  or  limit  any  flight  crew  action  or  decision. 

B.  APPLICABLE  PARAMETERS 

Flying  qualities  during  and  after  system  or  component  failures. 

C.  F-4  CHARACTERISTICS 

No  F-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

None. 

E.  DISCUSSION 

Hone;  the  requirement  appears  reasonable  as  written. 

F.  RECOMMENDATION 

None. 
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3.5  Characteristics  of  the  Primary  Flight  Control  System 


A.  REQUIREMENT 

3.5  Characteristics  of  the  Primary  Flight  Control  System 

3.5.1  General  Characteristics  -  As  used  in  this  specification,  the 
term  pTimB-ry  -Plight,  control  system  "includes  the  elevator,  aileron  and  rudder 
controls,  stability  augmentation  systems,  and  all  mechanisms  and  devices 
that  they  operate.  The  requirements  of  this  section  are  concerned  with 
those  aspects  of  the  primary  flight  control  system  which  are  directly 
related  to  flying  qualities.  These  requirements  are  in  addition  to  the 
requirements  of  the  applicable  control  system  design  specification,  e.g. , 
MIL-F-9490  or  MIL-C-18244. 

3.5.2  Mechanical  Characteristics  -  Some  of  the  important  mechanical 
characteristics  of  control  systems  (including  servo  valves  and  actuators) 
are:  friction  and  preload,  lost  motion,  flexibility,  mass  imbalance  and 
inertia,  nonlinear  gearing,  and  rate  limiting.  Requirements  for  these 
characteristics  are  contained  in  3- 5 *2.1  through  3. 5 .2. 4,  Meeting  these 
separate  requirements,  however,  will  not  necessarily  ensure  that  the  overall 
system  will  be  satisfactory;  the  mechanical  characteristics  must  be  com¬ 
patible  with  the  non-mechanical  portions  of  the  control  system  and  with  the 
airframe  dynamic  characteristics. 

B.  APPLICABLE  PARAMETERS 

See  3. 5. 2.1  through  3. 5. 2. 4. 

C .  P-4  CHARACTERISTICS'' 

Reference  should  be  made  to  Section  II  of  this  report  for  descriptions 
of  the  various  P-4  control  systems. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

See  Sections  3. 5.2.1  through  3. 5. 2. 4. 

E.  DISCUSSION 

See  Sections  3. 5-2.1  through  3. 5. 2. 4. 

F.  RECOMMENDATIONS 

None . 


3. 5.2.1  Control  Centering  and  Breakout  Forces 


A.  REQUIREMENT 

3. 5,2.1  Control  centering  and  breakout  forces  -  Longitudinal,  lateral, 
and  directional  controls  should  exhibit  positive  centering  in  flight  at  any 
normal  trim  setting.  Although  absolute  centering  is  not  required,  the  com¬ 
bined  effects  of  centering,  breakout  force,  stability,  and  force  gradient 
shall  not  produce  objectionable  flight  characteristics,  such  as  poor  pre¬ 
cision-tracking  ability,  or  permit  large  departures  from  trim  conditions 
with  controls  free.  Breakout  forces,  including  friction,  preload,  etc., 
shall  be  within  the  limits  of  Table  XII.  The  values  in  Table  XII  refer  to 
the  cockpit  control  force  required  to  start  movement  of  the  control  surface 
in  flight  for  Levels  1  and  2;  the  upper  limits  are  doubled  for  Level  3. 


Table  XII.  Allowable  Breakout  Forces,  Pounds 


Control 

Classes  1,  ll-C,  IV 

Classes  ll-L,  III 

min 

max 

min 

max 

Stick 

1/2 

3 

1/2 

5 

Elevator 

Wheel 

1/2 

4 

1/2 

7 

Stick 

1/2 

2 

1/2 

4 

Aileron 

Wheel 

1/2 

3 

1/2 

G 

Rudder 

1 

7 

1 

14 

Measurement  of  breakout  forces  on  the  ground  will  ordinarily  suffice  in  lieu  of  actual  flight  measurement, 
provided  that  qualitative  agreement  between  ground  measurement  and  flight  observation  can  be  established. 


B.  APPLICABLE  PARAMETERS 

Control  breakout  forces  and  general  mechanical  control  system  char¬ 
acteristics. 

C.  F-U  CHARACTERISTICS 

The  mechanical  characteristics  of  the  F-4  control  system  have  been 
the  subject  in  several  evaluations.  Their  influence  on  the  general 
flying  qualities  of  the  aircraft  is  apparently  so  significant  that  it  is 
considered  worthwhile  to  present  most  of  the  available  F-4  data  as  back¬ 
ground  to  the  requirement.  Some  comments  concerned  with  flying  qualities 
parameters  specified  in  other  paragraphs  mention  the  adverse  effects  of 
mechanical  characteristics  on  the  aircraft,  e.g.  paragraph  3.2.1,  but  it 
is  entirely  possible  that  these  effects  have  not  always  been  mentioned 
specifically  by  evaluation  pilots.  The  detail  in  some  of  the  discussion 
not  only  lends  some  insight  into  pilot  technique  (particularly  the  Navy 


descriptions  of  the  PA  Flight  Phase)  hut  provides  an  example  of  how  a 
seemingly  small  deficiency  can  profoundly  affect  the  pilot's  opinion  of 
the  aircraft. 

Table  I  (3. 5.2.1)  summarizes  the  breakout  forces  associated  with  the 
pilot  comment*,  presented  in  D  below.  The  pilot  rating  levels  are  assigned 
on  the  basis  of  in-flight  breakout  forces  and  friction,  not  including 
ground  (static)  friction  which  is  generally  higher  due  to  lack  of  normal 
airframe  vibration. 

Figure  1  (3. 5.2.1)  is  a  typical  representation  of  static  friction 
measured  in  a  ground  cycle  of  the  controls.  Figure  2  (3. 5.2.1)  presents, 
a  time  history  of  the  aircraft  stick-free  response  following  a  longitudinal 
stick  rap.  Figures  3  (3. 5. 2.1)  and  4  (3.5.2.1)  are  illustrations  of  the 
combined  effects  of  various  flying  qualities  parameters  on  PA  Flight  Phase 
flying  qualities,  for  the  F-4J  and  F-4K  respectively. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

The  data  following  each  comment  consist  of  the  Level  of  flying  qualities 
represented  by  the  comment,  followed  by  the  relevant  control  (elevator, 
aileron  or  rudder)  and  its  associated  measured  breakout  force. 

Feel /Trim  System  SI 

o  "Combined  control  system  friction  and  breakout  forces  were  measured 
in  the  air  under  various  flight  conditions  by  determining  the  control 
force  required  to  start  a  stick  motion.  The  obtained  values  were  then 
compared  with  [Reference  Bl]."  The  test  results  fell  within  the  specified 
ranges  and  the  lack  of  further  comment  suggest  satisfaction.  Level  1; 
elevator  1  to  1.5,  aileron  1  to  1.5,  rudder  4  to  5  pounds.  Reference  Nl, 

F4H-1. 

o  "...Friction  ana  breakout  forces .. .stabilized  lg  flight  and  remained 
the  same  as  reported  in  [Reference  Nl,  F4H-l]"  Reference  N2,  F4H-1. 
o  " . . .breakout  forces  including  friction  were  determined  during 
flight. ..There  was  considerable  variation  in  the  longitudinal  and  lateral 
breakout  forces  with  flight  conditions  which  was  apparently  the  result  of 
variations  in  friction  caused  by  normal  aircraft  vibration.  Lateral  con¬ 
trol  breakout  forces  do  not  meet  requirements  of  [Reference  Bl].  Reduction 
of  the  lateral  breakout  forces  is  desirable  for  improved  service  use." 

Level  1,  elevator  2  pounds.  Level  2,  aileron  3  pounds.  Level  1,  rudder 

6  pounds. 
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"The  curveb  presented  in  [Figure  1  (3. 5-2.1)],  show  the  static 
friction  of  the  control  systems  installed  in  the  F4H-1F  test  airplanes . 

This  data  was  obtained  from  ground  control  cycles  and  will  not  necessarily 
agree  with  in-flight  measurement  of  “breakout  forces  due  to  lack  of  normal 
flight  vibrations  and  feel  system  bellows  pressure.  The  longitudinal  con¬ 
trol  system  friction  band  is  particularly  broad.  In  addition,  it  was  noted 
during  dynamic  and  static  longitudinal  stability  flight  tests  that  the 
longitudinal  control  stick  centering  was  weak.  The  combination  of  large 
hysteresis  and  weak  centering  in  the  longitudinal  control  system  tended  to 
mask  the  static  stability  of  the  airplane  and  caused  the  airplane  to  be 
extremely  difficult  to  accurately  trim  in  the  longitudinal  axis. .  .Following 
catapult  launches,  with  the  pilot  holding  full  aft  stick  during  the  power 
stroke,  it  was  necessary  to  exert  a  5-10  lb  push  force  to  return  the  stick 
to  the  trimmed  position.  Correction  of  the  excessive  longitudinal  control 
system  friction  and  weak  longitudinal  control  stick  centering  is  desirable 
for  improved  service  use." 

"The  rudder  centering  was  also  determined  to  be  inadequate.  When 
displaced  from  the  trim  position,  the  rudder  often  returned  to  a  small  out- 
of-trim  deflection.  It  was  then  necessary  to  recenter  the  rudder  with  the 
rudder  pedals  and/or  the  rudder  trim.  Correction  of  the  inadequate  rudder 
centering  is  desirable  for  improved  service  use." 

"The  rudder  trim  system  produced  a  satisfactory  rate  of  trim.  Poor 
rudder  centering  as  discussed  in  [the]  paragraph  [above]  often  resulted 
in  lout-of-trim  flight  conditions."  Reference  N4,  F4H-1/-IF. 

'  Feel/Trim  System  S2 

°  "In-flight  longitudinal  control  system  breakout  forces,  including 

friction,  were  1.0  lb  and  within  the  limits  of  [Reference  Bl]."  Reference 
N8,  F-4B. 

Reference  Nil  measured  longitudinal  control  system  characteristics 
in  flight  with  various  feel/trim  systems  installed! 

o  "The  total  static  hysteresis  hand  for  the  longitudinal  control 

system  averaged  7  lb  during  ground  control  cycles  with  zero  trim  set  and 
no  feel  system  bellows  pressure.  Control  system  friction  was  satisfactory. . 

"...the  longitudinal  control  system  of  the  test  airplane  was  con¬ 
sidered  representative  of  production  airplanes."  Reference  Nil,  F/RF-4B. 
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o 


"Breakout  Forces  in  the  test  aircraft  were  satisfactory."  Level  1; 
elevator  4  lbs.,  aileron  2  lbs.,  rudder  2-1/2  lbs.  Reference  Al,  F-4C. 
o  "Longitudinal  control  system  breakout  forces  were  approximately 

1*  pounds  at  500  KCAS  [simulated]  and  3.5  pounds  at  587  KCAS  [simulated]. 
Lateral  control  system  breakout  forces  were  approximately  3  pounds.  The 
breakout  forces  did  not  adversely  affect  the  control  of  the  aircraft  and 
were  considered  acceptable."  Reference  A2,  RF-Uc. 

Feel/Trim  System  S3 

o  "The  extremely  light  longitudinal  breakout  force  [less  than  1/2 

pound]  in  configuration  PA  was  unsatisfactory  (C4.5)  in  that  any  inadver¬ 
tent  body  movements  by  the  pilot  resulted  in  undesirable  movement  of  the 
control  stick  and  stabilator  which  was  not  conducive  to  stable  landing 
approach  characteristics. . .An  increase  in  the  longitudinal  breakout  forces 
in  configuration  PA  and  PA  1/2  is  desirable  for  improved  service  use." 

"The  lateral  breakout  force  cf  3  lb  in  configuration  in  PA  was  ex¬ 
cessive  for  ease  in  control  of  line-up  corrections  required  during  landing 
approaches  (C4.5 ).. .Reduction  of  the  high  lateral  breakout  forces  in  con¬ 
figurations  PA  and  PA  1/2  is  desirable  for  improved  service  use.  The  high 
lateral  breakout  forces  and  the  low  longitudinal  breakout  forces  resulted 
in  a  control  force  ratio  (greater  than  6:l),  which  was  excessive  for  the 
precise  coordination  required  during  a  carrier  approach  (C4. 5).  Correc¬ 
tion  of  this  deficiency  is  desirable  for  improved  service  use.  The  longi¬ 
tudinal  and  lateral  control  breakout  forces  do  not  meet  the  requirements 
of  [Reference  Bl] .. .Directional  control  breakout  forces  (5  lbs.)  were 
satisfactory  for  nosewheel  steering  operation  and  in-flight  turn  co¬ 
ordination  (C2)." 

"Longitudinal  stick  centering  was  unsatisfactory  under  low  q  conditions 
( CU . 5 ) .  In  configuration  PA  with  a  representative  gross  weight,  CG  and 
airspeed  for  an  approach,  an  aft  control  input  of  about  one  inch  resulted 
in  nose  rise  and  airspeed  bleed-off  to  the  stall  when  positive  centering 
was  not  initiated  by  the  pilot.  An  increase  in  the  longitudinal  3tick 
centering  under  low  q  conditions  is  desirable  for  improved  service  use. 
Longitudinal  centering  was  qualitatively  the  same  under  static  conditions 
in  the  other  high  lift  configurations  (c4.5)»  and-  was  satisfactory  in 
configurations  CR,  P,  and  CO  (C3).  The  airplane  does  not  meet  the  longi- 
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tudinal  control  centering  requirements  of  [Reference  Bl].  The  unsatisfactory 
longitudinal  control  system  characteristics  discussed  herein  (breakout  and 
centering),  when  combined  with  the  neutral  longitudinal  stability  resulted 
in  unacceptable  longitudinal  characteristics  in  configurations  PA  and 
PA  1/2  (C6).  Correction  of  the  unsatisfactory  longitudinal  characteristics 
in  configuration  PA  is  mandatory  for  satisfactory  service  use." 

"The  longitudinal  control  system  mechanical  characteristics. . .and  the 
static  longitudinal  stability ...  further  degraded  the  carrier  approach 
handling  characteristics.  The  stabilator  was  easily  displaced  from  trim 
inadvertently  because  of  the  light  breakout  forces  (less  than  1/2  lb)  and, 
once  displaced,  the  airspeed  could  increase  or  decrease  as  much  as  10  kt 
before  the  pilot  would  realize  that  an  out-of-trim  condition  existed.  The 
overall  carrier  approach  handling  characteristics  of  the  F-4K  airplane 
were  unsatisfactory  because  of  the  inability  to  stabilize  on  approach 
speed... the  lateral-directional  oscillations  and  marginal  roll  response... 
and  the  longitudinal  stability  and  control  characteristics  discussed  in 
this  paragraph  (c6)."  Breakout  forces:  elevator  less  than  1/2  pound, 
aileron  3  pounds,  rudder  5  pounds.  Reference  N12,  F-4K. 
o  "The  mechanical  characteristics  of  the  longitudinal,  lateral,  and 
directional  flight  control  systems  were  qualitatively  the  same  as  in  pre¬ 
vious  F-4  airplanes.  Freeplay  in  the  cockpit  controls  was  minimal. . .Flight 
control  system  breakout  forces  were  measured  on  the  ground  and  under  various 
flight  conditions.  Lateral  and  directional  control  breakout  forces  were 
essentially  the  same  as  in  other  F-4  airplanes,  but  longitudinal  control 
breakout  forces  were  lighter  than  in  F-4B/J  airplanes  and  the  same  as  re¬ 
ported  in  Reference  N12  for  the  F-4K  airplane.  The  longitudinal  control 
breakout  force  was  qualitatively  evaluated  as  less  than  one  pound  in  the 
high-lift  configurations.  Such  a  light  breakout  force  in  the  presence  of 
neutral  static  stability. .. and  virtually  no  centering. .. is  unsatisfactory 
for  normal  operation  (C4.5).  An  increase  in  the  longitudinal  control 
breakout  forces  in  the  high-lift  configurations  is  desirable  for  improved 
service  use  even  though  there  is  no  minimum  breakout  force  requirement  in 
the  Detail  Specification." 

"The  lateral  breakout  force  in  all  configurations  was  measured  as 
4  lb... The  lateral  control  breakout  forces  were  satisfactory  in  all  config¬ 
urations  except  in  the  high-lift  configurations  where  a  it  lb.  lateral  force 
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and  a  longitudinal  force  of  less  than  1  lb  resulted  in  unsat is factory  con¬ 
trol  force  harmony  (c4, 5) •  If  the  longitudinal  control  breakout  forces 
were  increased,  the  lateral  control  breakout  forces  would  probably  not  be 
objectionable,  and  the  control  force  harmony  would  be  satisfactory.  Cor¬ 
rection  of  the  excessive  ratio  of  lateral  to  longitudinal  breakout  forces 
in  all  high-lift  configurations  is  desirable  for  improved  service  use." 

"Longitudinal  stick  centering  was  unsatisfactory  under  low  q  con¬ 
ditions  ( CU . 5 ) -  Forward  stick  inputs  initiated  at  19  units  angle  of  attack 

i 

in  configuration  PA  resulted  in  the  airplane  proceeding  into  a  divergent 
long  period  oscillation.  Aft  stick  inputs  resulted  in  nose-rise  and 
airspeed  bleed-off  into  stall.  An  increase  in  longitudinal  stick  centering 
under  low  q  conditions  is  desirable  for  improved  service  use.  Longitudinal 
stick  centering  was  qualitatively  the  same  under  static  conditions  in  the 
other  high-lift  configurations  (,p4.5),  and  was  satisfactory  in  configura¬ 
tions  CR,  P,  and  CO  (C2).  The  unsatisfactory  longitudinal  control  system 
characteristics  discussed  herein  (breakout  and  centering),  when  combined 
with  the  neutral  longitudinal  stability,  resulted  in  unacceptable  longi¬ 
tudinal  characteristics  in  configurations  PA  and  PA  1/2  (C6) .Correction 
of  the  unsatisfactory  longitudinal  characteristics  in  configurations  PA 
and  PA  1/2  is  mandatory  for  satisfactory  service  use."  Reference  N13,  f4m. 
o  "Longitudinal  control  system  breakout  forces  including  friction, 

measured  in  flight,  were  one  lb...  [and]  met  the  requirements  of  [Reference 
Bl],  The  friction  band  averaged  one  pound  under  all  flight  conditions. 
Cockpit  control  free  play  was  minimal." 

"Longitudinal  stick  centering  was  poor  under  conditions  of  low  dynamic 
pressure.  Small  aft  stick  displacements  resulted  in  the  control  stick  re¬ 
maining  displaced  after  release  of  the  stick  force.  This  was  especially 
noticeable  in  the  high  lift  configuration,  where  little  or  no  tendency  to 
return  to  trim  was  noted.  The  poor  centering  increases  the  difficulty  of 
flying  an  'on-speed'  approach  and  causes  the  pilot  to  hunt  for  the  proper 
attitude  immediately  after  takeoff  since  stick  forces  cues  are  non-existent. 
Correction  of  the  poor  longitudinal  stick  centering,  at  low  airspeeds  is 
desirable  for  improved  service  (c4.5)*"  Reference  Hl4,  F4J. 
o  "The  longitudinal  and  lateral  control  system  breakout  forces,  in¬ 

cluding  friction,  were  measured  both  on  the  ground  and  airborne  [250  KIAS 
and  450  KIAS  at  10,000  ft].  Rudder  breakout  forces  were  estimated. . .met 
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the  requirements  [of  Reference  B6]."  Level  1:  elevator  1  pound,  aileron 
0.75  pounds,  rudder  5  pounds  (estimated). 

"The  longitudinal  control  system  has  virtually  no  stick  centering 
tinder  low  dynamic  pressure  (q)  conditions.  This  is  especially  noticeable 
in  the  high-lift  configuration  where  aft  stick  inputs  of  about  one  inch 
result  in  nose  rise  and  airspeed  bleed-off  to  stall  unless  the  control 
stick  is  recentered  by  the  pilot.  The  lack  of  stick  centering  is  shown  in 
[Figure  2  (3. 5. 2.1)].  Forward  stick  inputs  of  about  one  inch  result  in 
nose  down  pitch  which  is  terminated  through  the  airplane’s  long  period  mode. 
The  lack  of  stick  centering  under  low  'q'  conditions  limits  airplane  ef¬ 
fectiveness.  . .Correction  of  this  deficiency  is  desirable  for  improved 
service  use..." 

"The  F-4J  exhibits  objectionable  approach  characteristics  due  to  un¬ 
satisfactory  longitudinal  control  system  characteristics  and  neutral  static 
longitudinal  stability  near  trim  in  configuration  PA. . .There  is  virtually 
no  longitudinal  stick  centering  under  low' q' conditions  and  the  longitudinal 
stability  in  conjunction  with  the  extremely  light  breakout  force  and  lack 
of  stick  centering  result  in  inadvertent  movement  of  the  control  stick  and 
stabilator  during  landing  approaches.  These  frequent  inadvertent  control 
changes  increase  the  pilot  effort  required  for  longitudinal  control  (c4.5). 
The  degraded  approach  characteristics  increase  pilot  workload  during  landing 
approaches  and  limit  mission  effectiveness.  Correction  of  this  deficiency 
is  desirable  for  improved  service  use."  Reference  Nl8,  F-4J. 
o  "Breakout  including  friction  was  approximately  1  lb  and  stick 

centering  was  very  poor,  particularly  under  low  dynamic  pressure  (q)  con¬ 
ditions."  Reference  N21,  F-4<J. 

Reference  N23  measured  longitudinal  and  lateral  breakout  forces 
in  the  PA  configuration,  trimmed  "on-speed."  The  forces  were  less  than  1/2 
pound  for  the  elevator  control  and  1  1/2  pounds  for  the  aileron  control, 
o  "The  longitudinal  breakout  forces  of  less  than  1/2  lb  failed  to  meet 
the  requirements  of  paragraph  3.2.1  of  [Reference  Bl]  and  were  objection¬ 
able,  particularly  during  approaches  ( CU . 5 ) •  The  lateral  breakout  forces 
were  satisfactory  but  the  resultant  longitudinal  to  lateral  breakout  con¬ 
trol  force  ratio  of  greater  than  1:3  was  undesirable  and  was  a  contributing 
factor  to  the  poor  approach  handling  qualities." 
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"in  configurations  PA  and  PA  1/2,  longitudinal  stick  centering  was 
poor.  For  gross  stick  movements  away  from  trim  the  stick  would  tend  to 
move  back  toward  the  trim  position  when  released;  for  normal  small  excursions 
from  trim,  no  centering  was  apparent.  As  a  result,  a  small  aft  stick  pulse 
resulted  in  a  nose  rise  into  the  stall  (C6),  and  a  small  forward  stick 
pulse  resulted  in  the  airplane  proceeding  into  a  divergent  long  period 
oscillation  (C3).  The  lack  of  stick  centering  in  configurations  PA  and 
PA  l/2  was  a  prime  contributing  factor  to  the  poor  approach  handling  quali¬ 
ties.  In  configuration  CR  at  300  KCAS,  the  lack  of  centering  was  also 
apparent,  especially  in  loading  B  (two  wing  tanks)  immediately  after  take¬ 
off  when  the  static  margin  was  a  minimum.  During  maneuvering  flight,  it 
was  necessary  to  continually  reposition  the  stick  instead  of  simply  re¬ 
leasing  it  as  would  normally  be  done  to  let  it  return  to  the  trim  position. 

"Since  the  longitudinal  control  centering  was  essentially  non-existent 
for  small  displacements  away  from  trim,  the  control  system  friction  was 
checked.  Although  the  airplane  had  an  early  history  of  excessive  control 
system  friction,  the  friction  measured  during  the  evaluation  was  found 
to  be  within  the  friction  limits  as  published  by  MDC.  However,  when  com¬ 
bined  with  the  extremely  low  breakout  force  and  lack  of  centering  forces, 
the  friction  was  excessive  and  was  another  contributing  factor  to  the 
poor  approach  handling  qualities." 

"The  combination  of  deficiencies. .  .generally  resulted  in  not  being 
'set-up'  at  the  top  of  the  glide  slope.  Not  being  'set-up'  means  either 
not  being  trimmed  'on  speed'  or  not  on  glide  slope,  or  not  lined  up,  or 
with  improper  thrust  for  the  approach,  or  any  combination  of  these.  Not 
being  'set-up'  significantly  increases  pilot  workload  during  an  approach 
and  is  probably  the  biggest  factor  in  poor  approaches.  With  the  F-4M,  it 
was  virtually  impossible  to  arrive  on  the  glide  slope  'set-up'.  Once  on 
the  glide  slope,  the  poor  engine  handling  characteristics  predominated 
since  during  VFR  approaches  sufficient  visual  cues  exist  to  detect  aircraft 
attitude  changes  and  the  pilot  has  the  approach  indexer  lights  in  his  field 
of  view  to  help  maintain  optimum  angle— of— attack.  However,  at  night  or 
during  IFR  approaches  when  visual  cues  are  reduced  the  poor  engine  handling 
and  poor  control  force  harmony  characteristics  will  result  in  unsatisfactory 
approach  handling  characteristics  (c6)."  Reference  N23,  F-4M. 
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Feel/Trim  System  S4 

o  "The  poor  stick  centering  accompanied  by  light  longitudinal  static 

stability  in  the  power  approach  configuration,  would  require  more  pilot 
attention  during  Formation  Flight  and  IFR  approaches."  Reference  A4, 

F/RF-4C. 

o  "Control  system  friction  and  breakout  forces  were  measured..." 

"Longitudinal  in-flight  breakout  forces  ranged  from  one  to  two  pounds..." 

"Lateral  breakout  force  was  found  to  be  approximately  2  pounds  for  all 
flight  conditions. . .The  directional  breakout  force  was  4  to  5  pounds." 

"All  breakout  forces. .. considered  satisfactory.  [Level  l]..."  Re¬ 
ference  AT,  F-4C. 

o  "Longitudinal  bobweight  reduction  further  reduced  restoring  forces 

to  aft  control  stick  displacement  and  stick  centering  from  that  of  [pre¬ 
viously  evaluated]  control  system  configurations.  This  condition,  in  con¬ 
junction  with  the  slight  decrease  in  precision  of  control  which  resulted 
from  [replacing  the  viscous  damper  with  a  mechanical  stop  and  changing  the 
linkage]  reduced  longitudinal  control  breakout  end  frictional  forces  in 
flight  to  an  unacceptable  level.  For  small  control  displacements,  pilots 
had  to  rely  primarily  on  visual  position  cues  for  attitude  reference  rather 
than  normal  combined  visual  and  force  cues.  In  configuration  PA  with  a 
representative  trim  speed  for  landing,  an  aft  control  input  of  about  one 
inch  resulted  in  airspeed  bleed-off  to  stall  when  positive  pilot  action 
was  not  taken  to  center  the  control  stick  prior  to  release.  Adverse  ef¬ 
fects  of  the  [S4  feel/trim  system]  during  takeoffs  and  catapult  launches 
are  discussed  in  paragraphs  [3.2. 3.1  and  3.2.3* 3*2].  [S4]  control  system 

characteristics  were  unacceptable  for  service  use  (C6)."  Reference  Nil, 
F/RF-4B. 

E.  DISCUSSION 

Elevator  Control  Breakout  Force 

An  upper  limit  of  about  4  pounds  would  be  reasonably  well  supported  as 
a  Level  1  boundary  by  References  A1  and  A2.  The  Reference  A2  rating  is 
translated  as  Level  2  in  Table  I  (3-5-2.1)  but  is  probably  close  to  the 
Level  1  boundary.  The  two  comments  are  certainly  not  representative  of 
Level  3  flying  qualities,  however,  as  suggested  by  the  present  requirement. 
These  comments  suggest  that  4  pounds  should  represent  only  a  boundary  for 
Level  1  and  not  a  boundary  for  both  Levels  1  and  2.  The  pilot  ratings  con- 
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cerned  with  the  lower  limit  of  1/2  pound  are  not  entirely  consistent. 

Only  the  C6  rating  of  the  S4  feel/trira  system  in  Reference  Nil  is  close 
to  Ii'vel  3,  for  a  measured  force  of  1/2  pound.  The  same  report  rated  a 
lower  breakout  force  as  Level  1,  and  the  comments  indicate  that  poor  stick 
centering  is  a  large  part  of  the  problem.  Most  of  the  other  ratings  are 
Level  2  for  forces  below  1/2  pound.  For  these  reasons ,  1/2  pound  is 
considered  a  more  valid  boundary  for  Level  1  than  for  both  Levels  1  and  2. 
F-4  data  strictly  provides  no  conclusive  arguments  for  Level  2  and  3 
boundary  requirements , 

Aileron  Control  Breakout  Force 

Wo  background  is  available  to  evaluate  the  minimum  breakout  force 
requirement  of  1/2  pound. 

Breakout  forces  as  high  as  4  pounds  are  rated  Level  2  by  F-4  pilots. 
According  to  the  specification  this  force  level  should  be  representative 
of  marginal  Level  3  Hying  qualities .  When  the  comment  on  the  4  pound  force 
is  examined  (Reference  H13,  CU.  5)  the  concern  is  chiefly  with  breakout  force 
harmony,  and  the  lateral  breakout  force  might  be  Level  1  if  a  reasonable 
longitudinal  breakout  force  were  provided.  This,  plus  the  other  ratings 
for  forces  higher  than  2  pounds,  indicates  that  the  maximum  force  could  be 
specified  at  4  pounds  and  still  be  within  Level  2.  The  data  for  lower 
forces  substantiate  the  2  pound  maximum  as  a  Level  1  boundary  reasonably 
well.  Therefore,  a  maximum  breakout  force  of  2  pounds  for  Level  1  and  5 
pounds  for  Level  2  are  considered  reasonably  substantiated  by  F-4  data. 

Rudder  Control  Breakout  Force 

Within  the  limits  of  available  data,  the  requirements  are  validated 
by  F-4  experience  (see  Table  I  (3.5-2.1)). 

General 

Figures  3  (3. 5. 2.1)  and  4  (3. 5. 2.1)  attempt  to  illustrate  the  combined 
effect  of  mechanical  characteristics  and  other  parameters  on  flying  quali¬ 
ties  in  configuration  PA,  for  the  F— 4j  and  F— 4K  respectively.  These  air¬ 
craft  are  equipped  with  the  same  feel/trim  system  (S3)  and  should  exhibit 
the  same  longitudinal  stability  with  respect  to  speed.  The  fact  that  the 
F-4j  is  assigned  a  rating  of  C3  (Level  l),  and  the  F-4K  04.5  (Level  2)  for 
longitudinal  speed  stability  may  be  due  either  to  normal  scatter  or  to  the 
influence  of  the  engine  characteristics  on  static  stability.  The  rating 


El  is  assigned  to  the  F-4j  engine  characteristics  because  pilot  ratings  had 
described  the  throttle  response  as  excellent  (e.g. ,  Reference  Nl),  and  be¬ 
cause  no  inadvertent  lateral-directional  oscillations  due  to  engine  asymmetry 
were  encountered.  The  final  result  is  that  the  overall  approach  character¬ 
istics  were  degraded  one  and  a  half  rating  points  by  installation  of  the  Spey 
engines.  Since  both  the  J79-10  engined  F-4j  and  the  Spey  engined  F-4K  are 
therefore  rated  Level  2,  there  appears  to  be  no  great  significance  in  this 
conclusion.  However,  the  overall  flying  qualities  of  the  F-4iC  for  the  FA 
Flight  Phase  are  rated  one  and  a  half  rating  points  worse  than  any  single 
contributory  parameter.  The  implication  is  that  the  ability  of  the  aircraft 
to  complete  the  Flight  Phase  is  measurably  worse  than  individual  evaluation 
of  the  parameters  required  by  the  specification  would  suggest.  This  would 
of  course  be  more  significant  if  the  ratings  were  close  to  a  level  boundary 
and  the  overall  opinion  were  representative  of  the  lower  level.  According  to 
Reference  Bl,  this  interaction  has  been  noted  by  Cooper  and  Harper  with 
respect  to  "poor"  flying  qualities ,  but  more  research  is  needed  on  the  results 
of  interaction  of  both  good  and  bad  fiying  qualities.  Most  parametric 
studies  have  been  conducted  by  arranging  for  "good"  values  of  those  parameters 
which  are  not  under  investigation,  and  a  change  from  this  approach  should  be 
considered. 

The  "combined  effects"  statement  and  the  requirement  for  positive 
centering  are  firmly  supported  by  F-4  experience. 

F.  RECOMMENDATIONS 

On  the  basis  of  the  available  F-4  data,  the  breakout  force  limits  for 
Class  IV  aircraft  should  be  relaxed  as  follows; 

Elevator  control;  Level  1,  1/2  to  4  poundB 

Aileron  control:  Level  1  upper  limit,  2  pounds 

Level  2  upper  limit,  5  pounds. 

The  above  recommendation  leaves  the  requirement  incomplete  insofar  as  Level 
2  and  3  elevator  and  Level  3  aileron  upper  limits  are  concerned.  The  F-4 
data  however  is  insufficient  to  provide  guidance  in  establishing  these  limits. 


429 


Table  I  (3.5.2.1) 
Control  Breakout  Forces 


Elevator 

Aileron 

Rudder 

Requirement 

P 

equiremenl 

t] 

P 

equiremenl 

‘1 

[  1/2  to  3  lb  J 

L 1/2  to  2  lb 

l 

1  to  7  lb 

J 

■ 

■  1 

Actual 

Reference 

Test 

IrMrSS 

Test 

Meets 

mm 

Test 

Meets 

Test 

Force 

Level 

Force 

Spec.? 

m 

Force 

Spec.? 

Level 

Feel/Trim 

1 

:f?@l 

& 

■pi 

System  SI 

1 

I 

1 

N1 

1  to  114 

LI 

1  to  114 

LI 

LI 

N2 

1  to  114 

■ 

LI 

1  to  1% 

LI 

1 

LI 

N4 

2 

Yes 

LI 

3 

No 

L2 

m 

Yes 

LI 

Feel/Trim 

M 

System  S2 

1 

N8 

1 

■ 

LI 

Nil 

<14  to  114 

LI 

A1 

4 

No 

LI 

2 

Yes 

LI 

T/z 

Yes 

LI 

A2 

4 

No 

L2 

3 

No 

L2 

Feel/Trim 

System  S3 

IT* 

Nil 

1 

LI 

N12 

<y2 

3 

No 

L2 

5 

Yes 

LI 

N13 

<1 

m 

4 

No 

L2*(PA) 

N14 

1 

LI 

NIB 

1 

LI 

Yes 

LI 

<5 

Yes 

LI 

N21 

1 

Yes 

LI* 

N23 

<Vz 

No 

L2* 

Yes 

LI 

Feel/Trim 
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Figure  2  (3.5.2.1) 

Longitudinal  Stick  Centering  Characteristics 

Reference  N18,  F-4J 
Configuration  PA 
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Figure  3  (3.5.2.1 ) 

F-4J:  Combined  Effects  of  Various  Parameters 
on  Power  Approach  Flying  Qualities 

Reference  N18 


vX  -lic-oi'  A 


-Vi:. 


mv  m  r<or>->?^  V4fc4s**»***^  >» 


Figure  4  (3.5.2.1) 

F4K:  Combined  Effects  of  Various  Parameters 
on  Power  Approach  Flying  Qualities 
Reference  N12 


1(34 


3. 5-2. 2  Cockpit  Control  Free  Play 

A.  REQUIREMENT 

3. 5.2.2  Cockpit  Control  Free  Play  -  The  free  play  in  each  cockpit 
control,  that  is,  any  motion  of  the  co.ckpit  control  which  does  not  move 
the  control  surface  in  flight,  shall  not  result  in  objectionable  flight 
characteristics,  particularly  for  small- amplitude  control  inputs. 

B .  APPLICABLE  PARAMETERS 
Cockpit  control  lost  motion. 

C.  F-4  CHARACTERISTICS 

Comments  on  control  free  play  are  included  as  background  to  the 
requirement .  The  half-inch  free  play  reported  by  Reference  A1  appears  to 
be  an  isolated  instance. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
Feel/Trim  System  S2 

o  "Cockpit  control  free  play  was  minimal."  Reference  Nil,  F/RF-4B. 

0  "The  aft  control  stick  had  approximately  one-half  inch  'play*  at 

neutral.  It  was  virtually  impossible  to  fly  close  formation  from  the  rear 
seat  with  this  condition.  The  aft  control  stick  should  be  modified  to  pro¬ 
vide  a  more  rigid  attachment."  Reference  Al,  F-4C. 

Feel /Trim  System  S3 

o  Freeplay  "Minimal"  References  Nil,  N12,  N13,  Nl4,  N23. 

Feel/Trim  System  S4 

o  Freeplay  "minimal."  Reference  Nil,  F/RF-4B. 

E.  DISCUSSION 

The  comment  from  Reference  Al  Bhows  that  a  small  amount  of  free  play 
can  result  in  Level  3  Flying  Qualities  for  a  Category  A  Flight  Phase.  This 
emphasizes  the  importance  of  this  requirement  which  is  considered  adequate 
as  written. 

F.  RECOMMENDATIONS 

None. 
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3. 5. 2. 3  Rate  of  Control  Displacement 

A.  REQUIREMENT 

3. 5. 2. 3  Rate  of  Control  Displacement  -  The  ability  of  the  airplane  to 
perform  the  operational  maneuvers  required,  of  it  shall  not  be  limited  In  the 
atmospheric  disturbances  specified  in  3.7  by  control  surface  deflection  rates. 
For  powered  or  boosted  controls ,  the  effect  of  engine  speed  and  the.  duty 
cycle  of  both  primary  and  secondary  controls  together  with  the  pilot  control 
techniques  shall  be  included  when  establishing  compliance  with  this  require¬ 
ment. 


B.  APPLICABLE  PARAMETERS 

Maximum  control  surface  deflection  rates. 

C .  F-4  CHARACTERISTICS 

No  F-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 

None;  the  requirement'  appears  reasonable  as  written. 

F.  RECOMMENDATION 
None. 
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3. 5. 2.4  Adjustable  Controls 

A.  REQUIREMENT 

3. 5.2.4  Adjustable  Controls  -  When  a  cockpit  control  is  adjustable 
for  pilot  physical  dimensions  or  comfort,  the  control  forces  defined  in 
6.2  refer  to  the  mean  adjustment.  A  force  referred  to  any  other  adjust¬ 
ment  shall  not  differ  by  more  than  10  percent  from  the  force  referred  to 
the  mean  adjustment. 

B.  APPLICABLE  PARAMETERS 

Variation  of  control  forces  when  cockpit  controls  are  adjusted. 

C.  P-4  CHARACTERISTICS 

Ho  F-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OP  PILOT  RATINGS  AND  COMMENTS 

None. 

E.  DISCUSSION 

None,  the  requirement  appears  reasonable  as  written. 

P.  RECOMMENDATION 

None. 
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3.5.3  Dynamic  Characteristics 

A.  REQUIREMENT 


3.5.3  Dynamic  Characteristics  -  The  response  of  the  control  surfaces 
in  flight  shall  not  lag  the  cockpit  control  force  inputs  by  more  than  the 
angles  shown  in  Table  XIII,  for  frequencies  equal  to  or  less  than  the  fre¬ 
quencies  shown  in  Table  XIII. 


Table  XIII 

Allowable  Control  Surface  Lags 


Control 

Upper  Frequency  (rad/sec) 

Elevator 

nsp 

Rudder  & 
Aileron 

wnd  or  ^rR  (whic,1Bver 
is  larger) 

Level 

Allowable  Lag  (deg) 

Category  A  and  C 
Flight  Phases 

Category  B 
Flight  Phases 

1  and  2 

30 

45 

3 

60 

The  lags  referred  to  are  the  phase  angles  obtained  from  steady-state 
frequency  responses ,  for  reasonably  large-amplitude  force  inputs .  The  lags 
for  very  small  control-force  amplitudes  shall  be  small  enough  that  they  do 
not  interfere  with  the  pilot's  ability  to  perform  any  precision  tasks 
required  in  normal  operation. 

3. 5. 3.1  Control  Feel  -  In  flight,  the  cockpit-control  deflection  shall 
not  lead  the  cockpit-control  force  for  any  frequency  or  force  amplitude. 

This  requirement  applies  to  the  elevator,  aileron,  and  rudder  controls.  In 
flight,  the  cockpit-control  deflection  shall  not  lag  the  cockpit-control 
force  by  more  than  the  angles  listed  in  3.5.3,  for  frequencies  equal  to  or 
less  than  those  listed  in  3.5.3,  for  reasonably  large  force  inputs.  The 
lags  for  very  small  control-force  amplitudes  shall  not  interfere  with  the 
pilot's  ability  to  perform  precision  tasks  required  in  normal  operation. 

B.  APPLICABLE  PARAMETERS 

Phase  lag  of  cockpit  control  and  control  surface  responses  to  sinusoi¬ 
dal  cockpit  control  force  inputs. 

C .  F-h  CHARACTERISTICS 

Time  histories  of  stick  free  oscillations  appear  in  some  P-4  reports. 
Unfortunately  the  only  evaluation  in  which  a  steady-state  frequency  response 
was  obtained  presented  only  gain  characteristics.  The  results  are  shown 
under  3. 2. 2. 3.1. 

D.  SUMMARY  OP  PILOT  RATINGS  AND  COMMENTS 

None. 
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E.  DISCUSEIOH 

This  requirement  is  intended  to  ensure  that  the  dynamic  response  of 
the  control  system  is  "fast"  enough  to  avoid  control  problems.  The  allow¬ 
able  phase  lags  are  specified  at  an  exciting  frequency  (wngpj  wn^j  lAp) 
which  in  general  depends  on  flight  condition.  If  the  flight  condition  is 
such  that  the  frequency  is  low,  then  the  allowable  phase  lags  are  representa¬ 
tive  of  a  "slower"  control  system  than  if  the  frequency  is  high.  As  an  ** 

) 

example,  the  writers  noted  an  interesting  implication  of  this  requirement 
for  a  hypothetical  aircraft  with  a  simple  high  bandwidth  spring  feel  system, 
a  low  short  period  natural  frequency  (say  1.0  radians/sec.),  and  a  time 
delay  between  stick  and  elevator  movements.  According  to  this  paragraph 
and  Paragraph  3. 2. 2. 1.1  of  the  specification,  a  time  delay  up  to  about 
0.5  seconds  would  result  in  Level  1  or  2  Plying  Qualities  for  flight  con¬ 
ditions  in  which  n/a  is  fairly  low. 

The  F-4  has  low  short  period  natural  frequencies  in  the  PA  configura¬ 
tion  (Reference  B7).  Pilot  comments  from  F-U  tests  suggest  that  an  0.5 
second  time  delay  in  the  control  system  would  be  far  from  acceptable,  parti¬ 
cularly  for  category  0  Flight  Phases .  It  could  be  argued  that  the  F-U 
possesses  a  higher  i^ngp  other  flight  conditions  and  therefore  demonstra¬ 
tion  of  compliance  at  these  flight  conditions  would  ensure  a  fast  enough 
control  system  to  preclude  control  problems  throughout  the  flight  envelope. 
However,  this  intent  is  not  written  into  the  requirement  and  this  argument 
would  not  necessarily  apply  to  all  aircraft /control  system  types.  Similar 
arguments  would,  of  course,  apply  to  the  requirements  for  the  rudder  and 
aileron  control  systems,  and  to  the  numerical  requirements  of  3. 5*3.1. 

Reference  B2  substantiates  the  phase  lag  requirement  by  examination  of 
the  inflight  test  data  of  Reference  B13,  in  which  evaluation  pilots  rated 
the  effects  of  higher-order  control  system  dynamics.  Their  concern  was 
chiefly  with  the  apparent  time  delays  caused  by  control  system  phase  lag, 
and  two  criteria,  both  involving  short  period  frequency,  were  found  to 
correlate  with  pilot  opinion  rating.  The  present  criterion  was  chosen  for 
the  specification  because  it  appeared  to  be  better  related  to  design  and 
test.  However,  the  experiment  was  restricted  to  the  frequency  range  2.3  < 
lo  <5.0  rad/sec.  Therefore,  there  is,  strictly  speaking,  no  substantia- 
tion  for  the  requirement  for  aircraft  with  frequencies  outside  this  range. 


In  summary,  the  intent  of  the  requirement  is  understood  and  such  a 
requirement  is  a  necessary  part  of  the  specification.  However,  the  sub¬ 
stantiating  data  are  not  considered  sufficiently  comprehensive  to  justify 
application  of  the  numerical  requirements  to  all  aircraft  types  and  Flight 
Phases,  as  presently  written.  In  fact,  the  strict  applicability  of  the 
requirements  is  so  restricted  by  the  choice  of  parameters  made  in  the 
single  series  of  tests  of  Reference  B13,  that  deleting  the  numerical 
requirements  would  seem  to  be  logical  until  a  wider  spread  of  substantiating 
data  is  available. 

F.  RECOMMENDATIONS 

Until  more  substantiating  data  become  available.  Table  XIII  should  be 
deleted  and  the  requirements  should  be  re-written  as  follows: 

"3. 5-3  Dynamic  Characteristics  -  The  response  of  the  control  surfaces 
in  flight  shall  not  lag  the  cockpit  control  force  inputs  by  an  amount  which 
results  in  objectionable  flying  qualities.  The  lags  referred  to  are  the 
phase  angles  obtained  from  steady-state  frequency  responses,  for  reasonably 
large-amplitude  force  inputs.  The  lags  for  very  small  control- force  ampli¬ 
tudes  shall  be  small  enough  that  they  do  not  interfere  with  the  pilots' 
ability  to  perform  any  precision  tasks  required  in  normal  operation," 

"3. 5. 3.1  Control  Feel  -  In  flight,  the  cockpit-control  deflection 
shall  not  lead  the  cockpit- control  force  for  any  frequency  or  force  ampli¬ 
tude.  This  requirement  applies  "to  the  elevator,  aileron  and  rudder  controls. 
For  reasonably  large  force  inputs  in  flight ,  if  the  cockpit-control  deflection 
lags  the  cockpit-control  force,  objectionable  flying  qualities  shall  not 
result.  The  lags  for  very  small  control- force  amplitudes  shall  not  inter¬ 
fere  with  the  pilot's  ability  to  perform  precision  tasks  required  in  normal 
operation." 


3. 5.3.2  Damping 

A.  REQUIREMENT 


3. 5. 3,2  Damping  -  All  control  system  oscillations  shall  be  well  damped, 
unless  they  are  of  Buch  an  amplitude,  frequency,  and  phasing  that  they  do  not 
result  in  objectionable  oscillations  of  the  cockpit  controls  or  the  airframe 
during  abrupt  maneuvers  and  during  flight  in  the  atmospheric  disturbances 
specified  in  3.7*3  and  3.7.4. 

B.  APPLICABLE  REQUIREMENT 

Control  system  damping  and  other  dynamic  characteristics. 

C.  F-4  CHARACTERISTICS 

This  paragraph  is  linked  to  3. 2. 2. 1.3  (Residual  Oscillations)  in  that 
a  control  system  oscillation  with  zero  or  near-zero  damping  is  a  residual 
oscillation.  The  two  paragraphs  should  therefore  be  considered  together. 

The  non-linear  nature  of  the  control  system  dynamics  is  emphasized  by  the 
comment  from  Reference  Nil.  No  background  is  available  to  the  requirement 
to  demonstrate  acceptability  in  atmospheric  disturbances. 

D.  SUMMARY  OF  PILOT  RATINGS 

Feel/Trim  System  SI 

o  "The  dynamics  of  the  control  system  were  evaluated  under  all  condi¬ 

tions  of  flight  by  performing  sharp  stick  raps  and  rudder  kicks.  With  the 
exception  of  configuration  PA  (where  stick  centering  is  poor),  control  stick 
centering  and  control  system  damping  is  satisfactory."  Reference  Nl,  F4H-1. 
o  "The  longitudinal  control  system  exhibits  positive  damping ...  during 

all  conditions  of  flight."  Figure  1  (3. 5 *3. 2)  shows  time  histories  of  lon¬ 
gitudinal  stick  raps.  The  primary  purpose  of  these  is  to  illustrate  the 
poor  stick  centering,  but  the  control  system  dynamics  also  appear  in  the 
traceB.  Reference  N2,  F4H~1. 

o  "With  STAB  AUG,  the  control  system  exhibits  positive  damping  and 

the  short  period  oscillation  of  all  control  surfaces  is  essentially  dead¬ 
beat.  Without  STAB  AUG,  the  longitudinal  control  system  is  poorly  damped. 
This  poor  damping  degrades  the  stick  free  dynamic  stability  of  the  airplane, 
particularly  at  aft  center  of  gravity  loadings."  Reference  N4,  F4H-1. 
o  "A  high-frequency  (3  cps  to  4  cps)  longitudinal  control  system 

oscillation  was  excited  when  the  control  stick  was  very  abruptly  deflected, 
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approximately  one  inch  forward  or  aft*  and  released  with  the  STAB  AUG  OH  or 
OFF.  After  a  forward  stick-free  rap  at  .60  IMN  and  5>000  ft.,  the  oscilla¬ 
tion  took  about  5  cycles  to  damp.  As  IMN  increased  the  damping  decreased 
until  at  .90  IMN  the  oscillation  was  undamped.  Damping  rapidly  increased 
above  .90  IMN  with  the  oscillation  becoming  deadbeat  at  1.0  IMN.  Damping 
for  aft  stick- free  raps  was  approximately  50%  higher  than  for  forward  raps. 
STAB  AUG  ON  increased  damping  of  the  high-frequency  oscillation  by  approxi¬ 
mately  50%.  This  high-frequency  control  system  oscillation  could  easily  be 
stopped  by  fixing  the  stick  and  was  therefore  not  objectionable  to  the 
pilot.  The  contractor  should  investigate  this  chatter  because  of  its 
possible  effect  on  control  system  service  life.  A  time  history  of  high- 
frequency,  longitudinal  control  system  oscillation  is  shown  in  [Figure  1 
(3. 5*3. 2)]."  The  maximum  normal  load  factor  excursions  are  around  ±  .3g 
for  essentially  Level  1  flying  qualities.  {See  3. 2. 2. 1.3).  Reference  N7» 
F-HA/B. 

Feel/Trim  System  S2 

o  "Very  abrupt  forward  longitudinal  control  inputs  (stick  raps)  re¬ 

sulted  in  a  high  frequency  (3.5  cps)  control  system  oscillation  with  the 
STAB  AUG  either  ON  or  OFF... No  undamped  oscillations  were  experienced 
following  aft  stick  raps .  Control  system  damping  following  forward  stick 
raps  was  inconsistent  and  appeared  to  be  a  function  of  the  rate  of  input 
and  total  displacement  of  the  control  stick.  Forward  stick  raps  frequently 
resulted  in  undamped  control  stick  and  stabilator  oscillations.  Airplane 
response  to  the  control  system  oscillation  at  speeds  greater  than  500  KCAS 
produced  high  frequency  airplane  oscillations  (lo.5g)*  These  oscillations 
could  be  easily  stopped  by  grasping  the  stick  and  were  therefore  not  objec¬ 
tionable.  Although  it  is  not  expected  that  this  condition  will  be  exper¬ 
ienced  during  normal  employment  of  the  airplane,  correction. . .desirable  for 
improved  service  use."  Reference  Nil,  F/RF-4B. 

S.  DISCUSSION 

The  requirement  appears  to  be  written  to  deal  with  undesirable  control 
system  oscillations  during  maneuvers,  i.e.,  during  stick-fixed  flight. 
Therefore,  the  F-4  oscillations  obtained  in  stick-free  flight  following  a 
stick  rap  are  not  strictly  relevant  to  this  paragraph.  As  evidenced  by  the 


comments  from  References  N7  and  Nil,  such  oscillations  are  not  necessarily 
objectionable,  if  they  can  be  damped  by  fixing  the  stick,  Conversely,  some 
comments  in  3. 2. 2. 1.3  show  that  if  the  pilot  cannot  prevent  the  oscilla¬ 
tions  by  fixing  the  stick,  then  the  resultant  flying  qualities  are  degraded. 
Therefore,  the  requirement  seems  reasonable  as  written. 

P.  RECOMMENDATION 
None. 


Longitudinal 
Stick  Position 
(deg) 


Longitudinal 
Stabilator 
Position 
(deg  -  led) 


5000  ft,  M  =  0.90 


Stab  Aug  Off,  Forward  Rap 
Reference  N7 

Egjft i 

■  Bg 

Longitudinal 
Stick  Position 
(in) 


Aft 


0 


2.0 

Normal 

Acceleration  1.0 
(3) 


^^\v\AAA/\AAAAAAAA/?A£^ 

1  2  3  4  5  6 


Time  (sec) 


Figure  1  (3.5.3.2J 
Longitudinal  Stick  Raps 


3.5.4  Augmentation  Systems 

A.  REQUIREMENT 


3.5.4  Augmentation  Systems  -  Normal  operation  of  stability  augmentation 
and  control  augmentation  systems  and  devices  shall  not  introduce  any  objec¬ 
tionable  flight  or  ground  handling  characteristics, 

3.5 .4.1  Performance  of  Augmentation  Systems  -  Performance  degradation 
of  augmentation  systems  caused  by  the  atmospheric  disturbances  of  3.7.3  and 

3.7.4  and  by  structural  vibrations  shall  be  considered,  when  such  systems 
are  used. 

3. 5.4.2  Saturation  of  Augmentation  Systems  -  Limits  on  the  authority 
of  augmentation  systems  or  saturation  of  equipment  shall  not  result  in 
objectionable  flying  qualities.  In  particular,  this  requirement  shall  be 
met  during  rapid  large-amplitude  maneuvers,  during  operation  near  Vg,  and 
during  flight  in  the  atmospheric  disturbances  of  3.7*3  and  3.7.4. 

B.  APPLICABLE  PARAMETERS 

Side  effects  of  augmentation  systems  on  flying  qualities . 

C.  P-4  CHARACTERISTICS 

The  evolution  of  F-4  feel/trim  systems  (see  Section  II)  provides  some 
examples  of  the  compromises  which  must  sometimes  be  effected  in  the  design 
of  augmentation  systems ,  and  of  how  different  weight  can  be  attached  to 
various  characteristics  according  to  how  the  aircraft  is  utilized.  The 
original  (Si)  P-4  feel/trim  system  was  described  by  Reference  N1  as  satis¬ 
factory  in  most  areas,  although  sensitivity  at  high  nq"  flight  conditions 
was  mentioned  as  a  potential  problem.  Airspeed  and  altitude  control  in 
landing  approaches  were  particularly  singled  out  as  being  highly  desirable. 

A  year  later,  Reference  N2  expressed  rather  less  satisfaction  with  PA  fly¬ 
ing  qualities .  Reference  N5  was  a  LAHS  investigation  following  a  PIO 
incident,  and  determined  that  the  PIO  tendency  could  be  attributed  to  the 
dynamic  effects  of  the  normal  acceleration  hohweights.  Reference  N6  tested 
a  proposed  feel/trim  system  modification  (SI  with  the  downsprings  removed) 
designed  to  reduce  the  PIO  tendency.  In  fact  the  test  aircraft  entered  a 
PIO  during  the  evaluation,  and  the  report  also  stated  that  poor  PA  speed 
stability  was  a  prime  result  of  removing  the  downsprings.  Consequently,  this 
modification  was  not  recommended  for  implementation  in  production  aircraft. 

A  subsequent  modification  (feel/trim  system  S2)  which  was  designed  to  increase 
Fs/n  below  about  M  =  1.2,  also  reduced  the  control  system  oscillations 


(Reference  NT)  which  Reference  N5  had  attributed  to  the  bobweights.  However, 
the  improvements  effected  by  incorporation  of  feel/triin  system  S2,  which 
permitted  the  LAKS  flight  envelope  to  be  expanded  somewhat,  proved  to  be 
insufficient  to  keep  pace  with  the  change  in  the  use  of  the  aircraft  from  an 
interceptor  to  a  multi-purpose  f ighter /bomber .  In  particular,  the  maneuvering 
stick  forces  were  too  high  (Reference  Nil)  and  so  the  longitudinal  downsprings 
were  removed  (feel/trim  system  S3)  because  this  action  appeared  to  reduce 
these  forces  and  also  to  ameliorate  PIO  tendencies  by  reducing  the  trimming 
task.  The  penalty  was  paid  in  the  form  of  a  deterioration  in  PA  speed 
stability,  which  was  indiscernible  to  the  pilot,  and  a  slight  decrease  in  5  . 

Reference  Nil  also  evaluated  the  S4  feel/trim  system  but  rejected  it 
for  Navy  aircraft  for  reasons  which  included  light  maneuvering  stick 
forces  with  some  external  loads,  and  unacceptable  PA  flying  qualities. 
Reference  Ah  is  an  evaluation  of  the  same  (S4)  system;  the  lighter  maneu¬ 
vering  forces  noted  in  Reference  Nil  were  not,  however,  discernible  to  the 
pilot  and  the  PA  flying  qualities  were  considered  essentially  the  same  as 
with  the  previous  (S3)  system.  This  report  then  concluded  that  the  overall 
improvement,  particularly  in  longitudinal  dynamic  characteristics,  was 
sufficient  to  recommend  installation  of  feel/trim  system  S4  in  all  Air 
Force  aircraft,  with  the  recommendation  that  the  poor  PA  configuration 
flying  qualities  should  be  the  object  of  further  investigation. 

The  above  is  necessarily  a  simplified  and  incomplete  version  of  feel/ 
trim  system  development  on  the  F— 4.  The  tradeoff  decisions  made  in  evalua¬ 
tion  of  the  different  systems  depended  to  a  large  extent  on  the  importance 
of  those  areas  of  flying  qualities  which  were  compromised  by  the  modification 
being  evaluated.  For  instance,  the  Navy  task.-of  carrier  approach  apparently 
lends  heavier  emphasis  to  PA  characteristics  than  the  field  landings 
encountered  by  the  Air  Force.  It  is  interesting  to  note  that  the  starting 
point  for  the  F-4  was  a  feel/trim  system  which  produced  generally  good 
characteristics,  with  excellent  PA  flying  qualities  meriting  special  men¬ 
tion.  After  ten  years  of  fairly  continuous  development  the  aircraft  now  has 
generally  good  characteristics  with  rather  poor  PA  flying  qualities  being 
specially  mentioned. 


D.  SUMMARY  OP  PILOT  COMMENTS  AND  RATINGS 
See  discussion  of  F-4  characteristics. 

E.  DISCUSSION 

This  requirement  states  that  devices  designed  to  improve  flying 
qualities  shall  not  degrade  flying  qualities.  This  would  at  first 
appear  redundant.  Certainly  it  offers  little  help  to  the  designer,  who  is 
aware  that  an  improvement  in  one  area  of  the  flight  envelope  may  be  offset 
by  undesirable  characteristics  elsewhere.  Nevertheless,  the  requirement  is 
a  necessary  one  if  only  from  a  contractual  standpoint,  and  the  discussion  of 
some  historical  aspects  of  F-4  experience  presented  above  illustrates  the 
type  of  situation  at  which  these  requirements  are  directed.  The  requirements 
are,  therefore,  considered  resonable  as  written. 

F.  RECOMMENDATIONS 

3.5.4 

None 
3. 5. 4.1 
None. 

3. 5-4.2 

None. 


3.5.5  Failures 


A.  REQUIREMENT 

3.5.5  Failures  -  If  the  flying  qualities  with  any  or  all  of  the  aug¬ 
mentation  devices  inoperative  are  dangerous  or  intolerable,  special  provi¬ 
sions  shall  be  incorporated  to  preclude  a  critical  single  failure. 
Failure-induced  transient  motions  and  trim  changes  resulting  either  imme¬ 
diately  after  failure  or  upon  subsequent  transfer  to  alternate  control 
modes  shall  be  small  and  gradual  enough  that  dangerous  flying  qualities 
never  result. 


3. 5. 5.1  Failure  Transients  -  With  controls  free,  the  airplane  motions 
due  to  failures  described  in  3.5-5  shall  not  exceed  the  following  limits 
for  at  least  2  seconds  following  the  failure,  as  a  function  of  the  Level  of 
flying  qualities  after  the  failure  transient  has  subsided: 

Level  1  to.05g  normal  or  lateral  acceleration  at  the  pilot's 

(after  station  and  tl  degree  per  second  in  roll 

failure) 

Level  2  t0.5g  at  the  pilot's  station, 

(after  ±5  degrees  per  second  roll,  and  the  lesser  of  ±5  degrees 

failure)  sideslip  or  the  structural  limits 

Level  3  No  dangerous  attitude  or  structural  limit  is  reached,  and 

(after  no  dangerous  alteration  of  the  flight  path  results  from 

failure)  which  recovery  is  impossible. 

3 .5. 5. 2  Trim  Changes  Due  to  Failures  -  The  control  forces  required  to 
maintain  attitude  and  zero  sideslip  for  the  failures  described  in  3.5.5shall 
not  exceed  the  following  limits  for  at  least  5  seconds  following  the  failure: 


Elevator- 

Aileron- 

Rudder- 


20  pounds 
10  pounds 
50  pounds 


B.  APPLICABLE  PARAMETERS 

Transient  motions  and  trim  changes  during  and  after  failure  of  augmenta¬ 
tion  devices. 

C.  F-4  CHARACTERISTICS 

No  F-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 
None . 

F.  RECOMMENDATION 


None. 
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3,5.6  Transfer  to  Alternate  Control  Modes 


A.  REQUIREMENT 

3.5.6  Transfer  to  Alternate  Control  Modes  -  The  transient  motions  and 
trim  changes  resulting  from  the  intentional  engagement  or  disengagement  of 
any  portion  of  the  primary  flight  control  system  by  the  pilot  shall  be  small 
and  gradual  enough  that  dangerous  flying  qualities  never  result. 


3. 5. 6.1  Transients  -  With  controls  free,  the  transients  resulting  from 
the  situations  described  in  3.5*6  shall  not  exceed  the  following  limits  for 
at  least  2  seconds  following  the  transfer: 


Within  the  Operational  to,05g  normal  or  lateral  acceleration  at  the 

Flight  Envelope  pilot’s  station  and  ±1  degree  per  Becond  roll 


Within  the  Service  ±0.5b  at  the  pilot’s  station,  ±5  degrees  per 

Flight  Envelope  second  roll,  and  the  lesser  of  ±5  degrees 

sideslip  or  the  structural  limit. 


These  requirements  apply  only  for  Airplane  Normal  States. 


3. 5. 6. 2  Trim  Changes  -  The  control  forces  required  to  maintain  atti¬ 
tude  and  zero  sideslip  for  the  situations  described  in  3.5.6  shall  not 
exceed  the  following  limits  for  at  least  5  seconds  following  the  transfer: 

Elevator - - 20  pounds 

Aileron - 10  pounds 

Rudder - 50  pounds 

These  requirements  apply  only  for  Airplane  Normal  States. 


B.  APPLICABLE  PARAMETERS 

Transient  motions  and  trim  changes  following  engagement  or  disengage, 
ment  of  any  portion  of  the  primary  flight  control  system. 

C.  F-k  CHARACTERISTICS 

No  f_4  data  are  available  concerning  these  requirements. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 
None. 

F.  RECOMMENDATION 
None. 
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3.6  Characteristics  of  Secondary  Control  Systems 

3.6.1  Trim  System 

A.  REQUIREMENT 

3.6  Characteristics  of  Secondary  Control  Systems 

3.6.1  Trim  System  -  In  straight  flight,  throughout  the  Operational 
Flight  Envelope  the  trimming  devices  shall  be  capable  of  reducing  the  eleva¬ 
tor,  rudder,  and  aileron  control  forces  to  zero  for  Levels  1  and  2.  For 
Level  3,  the  untrimmed  cockpit  control  forces  shall  not  exceed  10  pounds 
elevator,  5  pounds  aileron,  and  20  pounds  rudder.  The  failures  to  be  con¬ 
sidered  in  applying  the  Level  2  and  3  requirements  shall  include  trim 
sticking  and  runaway  in  either  direction.  It  is  permissible  to  meet  the 
Level  2  and  3  requirements  by  providing  the  pilot  with  alternate  trim 
mechanisms  or  override  capability.  Additional  requirements  on  trim  rate 
and  authority  are  contained  in  MIL-F-9^90  and  MIL-F- 18372. 

B.  APPLICABLE  PARAMETERS 

Trim  authority  throughout  the  operational  flight  envelope. 

C.  F-4  CHARACTERISTICS 

Minimum  trim  air  speed  was  of  primary  interest  during  several  F-4 
evaluations  and  was  investigated  with  trim  system  normal  as  well  as  during 
simulated  runaway  and  sticking  trim.  Trim  acceptability  with  various 
asymmetric  external  store  loadings  was  also  evaluated.  The  available 
untrimmed  residual  control  forces  are  presented  along  with  the  qualitative 
remarks  on  the  various  configurations.  Quantitative  data  are  available 
only  for  elevator  and  aileron  control  forces . 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Feel/Trim  System  SI 

The  Phase  I  NPE  of  the  F4K-1  without  external  stores  commented  that: 
o  "Minimum  trim  airspeeds  were  investigated. .. and  the  airplane  can  be 

trimmed  about  all  axes  to  the  stall  for  all  configurations  tested." 

Reference  III,  F4H-1. 

Feel /Trim  System  S3 

Reference  H10  evaluated  minimum  approach  speed  of  an  F-4B  with  asymmetric 
external  store  loadings : 

o  "The  maximum  test  asymmetric  load  for  which  lateral  trim  could  be 

maintained  at  normal  approach  speeds  and  landing  gross  weights  was  308,105 
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in-lb... The  lateral  stick  force  required  to  maintain  steady-state,  wings- 
level  flight  for  speeds  below  minimum  trim  airspeed  was  under  4  lb.  up  to 
approximately  21  units  angle  of  attack  (C3).  Slight  directional  trim 
changes  were  necessary  for  steady-heading  wings  level  flight  but  were  so 
slight  that  a  pilot  could  easily  fly  an  acceptable  landing  approach  without 
using  rudder  trim."  Reference  RIO,  F-4E. 

Reference  Nil  evaluated  longitudinal  trimmability  on  an  F-4B  with  the 
various  f eel/trim  systems : 

o  "The  ability  to  trim  out  longitudinal  control  forces  in  configura¬ 

tions  CR  and  P  at  a  specific  airspeed  was  slightly  degraded  with  downsprings 
removed  (rating  C4.5).  This  condition  was  contingent  on  the  static  longitu¬ 
dinal  stability  of  the  airplane  and  was  therefore  more  pronounced  for  the 
reduced  bobweights  configuration  [S4]  than  for  the  [S3]  configuration.  In 
the  highlift  configuration,  the  combination  of  low  friction  and  breakout 
forces,  weak  stick  centering,  and  large  trim  speed  bands  accounted  for  a 
derogation  in  trimmability  in  the  airplane  with  downsprings  removed.  Pilots 
noted  a  tendency  to  trim  out  forces  at  the  slow  speed  end  of  the  trim  speed 
band..." 

"Trimmability  was  degraded  to  an  unacceptable  level  with  the  reduced 
bobweights  [feel/trim  system  S4]  because  of  extremely  poor  stick  centering 
from  aft  stick  displacements  (rating  C6)."  Reference  Nil,  F/RF-4B. 

One  Air  Force  and  one  Navy  evaluation  investigated  minimum  trim  air 
speed  with  runaway  trim  for  various  store  loadings: 

o  "Tests  were  conducted  with  [no  external  stores,  and  with  ten  M-117'b 

plus  six  empty  LAU-3/A’s]  with  approximately  2,000  pounds  of  fuel  to  inves¬ 
tigate  the  effects  of  an  inoperative  longitudinal  trim  system.  Approaches 
and  landings  were  accomplished  with  full  nosedown  and  full  noseup  trim. 

Full  down  trim  resulted  in  forces  of  20  and  12  pounds  pull  for  a  250-knots 
indicated  airspeed  (KIAS)  cruise  (CR)  configuration  approach  and  an  'on 
speed'  landing  with  full  flaps,  respectively.  The  task  of  landing  with 
this  pull  force  received  a  Pilot  Rating  of  [  CH1+  ]  •  A  full  up  trim  approach 
and  landing  at  the  same  conditions  resulted  in  push  forces  of  10  and  5 
pounds,  respectively.  These  approach  and  landing  tasks  received  Pilot  Ratings 
of  [CH4]  and  [  CH3],  respectively .  Control  of  the  aircraft  with  inoperative 
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longitudinal  trim  was  acceptable  and  no  corrective  action  is  recommended  in 
this  area.  It  is  believed  that  the  aircraft  can  be  safely  recovered  from 
any  flight  condition  within  the  flight  envelope  should  runaway  longitudinal 
trim  occur."  Reference  A7 »  F-4E, 

o  "The  minimum  trim  air  speed  (full  left  trim  applied,  no  lateral 

forces  required  for  wings  level  flight)  [with  a  medium  asymmetric  load]  was 
approximately  that  airspeed  for  [normal  approach  angle  of  attack] .  The 
minimum  trim  speeds  [with  higher  asymmetric  loading]  were  between  170  and 
190  kt  depending  on  gross  weight.  Lateral  control  forces  were  not  objec¬ 
tionable  below  minimum  trim  air  speeds  and  generally  did  not  exceed  5  lb. 
during  landing  approaches  at  recommended  approach  speeds  (C3).  Therefore, 
the  minimum  trim  speed  was  inconsequential  as  to  the  acceptability  of  air¬ 
speeds  for  landing  approaches.  The  maximum  lateral  force  required  for  full 
deflection,  if  needed,  was  15  lb."  Reference  N19,  F-4J . 
o  "The  trim  rate  and  trim  authority  were  satisfactory."  Reference 

N23,  F-4M. 

o  "Longitudinal  trimability  was  qualitatively  evaluated  during  climbs , 

cruising  flight,  and  landing  approaches.  Because  of  the  extremely  weak 
static  stability .. .it  was  nearly  impossible  to  trim  the  airplane  'hands-off 
for  a  desired  flight  condition  (Rating  C3) .  Any  slight  disturbance  would 
cause  the  airplane  to  vary  from  trim,  and  if  not  stopped  by  the  pilot,  pro¬ 
ceed  into  a  divergent  long  period  oscillation.  An  improvement  in  longitu¬ 
dinal  trimability  during  climbs,  cruising  flight  and  landing  approaches  is 
desirable  for  improved  service  use."  Reference  N13,  F-4M. 

E.  DISCUSSION 

General  -  The  requirement  to  reduce  control  forces  to  zero  for  Levels 
1  and  2  flying  qualities  is  not  strictly  upheld  by  F-4  experience.  Some 
residual  force  does  not  result  In  unacceptable  flying  qualities.  The  Level 
1  rating  attached  to  a  non-zero  longitudinal  control  force  in  Reference  A7 
was  obtained  for  a  failure  state  and  so  is  somewhat  open  to  question.  The 
Level  1  ratings  of  lateral  forces  in  References  N10  and  N19  were  for  asym¬ 
metric  store  conditions.  Based  on  these,  it  would  appear  reasonable  to 
provide  a  covering  statement  concerned  with  asymmetric  loads  in  the  specifi¬ 
cation,  rather  than  limit  the  operational  effectiveness  of  an  aircraft'  by 


452 


. .  k-  Tt-^-  •  »■  ■--.  +£u.  i  v.v#  ■»  j4j-i.v-ji.1S?-.  tc. .  i  cwsr'CfJsS'JfV.'SKS  SfJktJ  '.y*&r'  1 ■  -*7^<A  ■ 


disallowing  some  asymmetric  loads  on  the  "basis  of  trimability. 

Elevator  Control  Force 

Reference  A7  assigns  a  Level  1  rating  to  a  force  of  5  pounds  and  Level 
2  ratings  to  forces  of  10  pounds  push  and  12  pounds  pull.  According  to  the 
specification  these  should  be  representative  of  Level  3  or  worse  flying 
qualities.  The  fact  that  the  data  were  obtained  for  a  known  failure  state 
means  that  the  ratings  may  be  lenient;  even  so  the  worst  rating  (C4. 5)  is 
considerably  better  than  Level  3,  and  in  one  case  applies  to  a  force  (20 
pounds)  which  according  to  the  specification  should  result  in  a  totally 
unflyable  aircraft.  Reference  A7  obtained  a  20  pound  pull  in  the  CR  con¬ 
figuration  and  stated  that  safe  recovery  from  any  flight  condition  within 
the  flight  envelope  is  possible.  Therefore,  an  elevator  control  force  of 
20  pounds  would  certainly  seem  to  represent  better  flying  qualities  than  a 
Level  3  "Floor,"  and  it  is  possible  that  a  higher  force  might  also  result  in 
Level  3  or  better  flying  qualities.  The  pilot  is  capable  of  elevator  cock¬ 
pit  control  forces  from  roughly  100  pounds  pull  to  60  pounds  push  and  these 
figures  are  possible  values  for  absolute  maxima.  However,  validation  of 
Paragraph  3.4.5  has  emphasized  the  importance  of  force  harmony,  particularly 
in  Category  C  Flight  Phases  and  so  this  should  be  considered  in  specifying 
a  force  value.  Also,  maneuvering  would  involve  higher  forces  than  those 
necessary  only  for  level  flight,  in  terms  of  which  the  specification  is 
written,  and  the  force  should  be  within  the  absolute  capability  of  the  pilot 
because  in  an  emergency  he  may  have  to  hold  the  force  for  some  time.  There¬ 
fore  20  pounds  would  represent  a  conservative  Level  3  maximum  elevator  con¬ 
trol  force  for  level  flight  which  should  prevent  problems  due  to  poor 
harmony  and  pilot  fatigue. 

Aileron  Control  Force 

Both  Reference  N10  and  Reference  N19  are  concerned  with  asymmetric 
loads,  and  the  data  indicate  that  the  specification  is  too  stringent. 
Reference  N19  shows  that  a  force  of  five  pounds  is  rated  C3,  and  even 
allowing  for  leniency  in  rating  (for  similar  reasons  to  those  suggested 
concerning  the  failures  above),  a  "corrected"  pilot  opinion  might  represent 
flying  qualities  no  worse  than  E5,  i.e.,  comfortably  within  Level  2.  There¬ 
fore,  the  Level  3  flying  qualities  "floor"  could  reasonably  be  represented 
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by  some  greater  force,  say  10  pounds. 

The  longitudinal  Level  3  force  above  was  chosen  not  only  on  the  basis 
of  F-4  data  but  also  with  consideration  for  force  harmony,  the  provision  of 
some  reserve  force,  within  the  capability  of  the  pilot,  for  maneuvering,  and 
considerations  of  the  pilot's  ability  to  exert  a  force  for  a  period  of  time. 
The  pilot  is  most  limited  in  his  ability  to  exert  a  push  force  (60  pounds 
versus  100  pounds  pull)  and  the  recommended  longitudinal  control  force  is 
one  third  of  his  capability,  i.e.,  he  has  at  worst  two  thirds  of  his  force 
capability  remaining  for  maneuvers  and  as  a  margin  against  fatigue.  Apply¬ 
ing  the  same  argument  to  a  lateral  control  force  of  about  30  pounds,  the 
figure  of  10  pounds  is  again  evident. 

It  should  be  noted  that  the  recommended  figures  for  both  axes  fall 
within  the  requirements  of  paragraph  3. 4. 5.1. 

F.  RECOMMENDATIONS 

The  requirement  shall  be  amended  to  read: 

"In  straight  flight,  throughout  the  Operational  Flight  Envelope  the 
trimming  devices  shall  be  capable  of  reducing  the  elevator,  rudder,  and 
aileron  control  forces  to  zero  for  LevelB  1  and  2.  This  requirement  can 
be  relaxed  for  asymmetric  loading  conditions  provided  the  operational 
effectiveness  of  the  aircraft  is  not  unduly  compromised.  For  Level  3,  the 
untrimmed  cockpit  control  forces  shall  not  exceed  20  pounds  elevator,  10 
pounds  aileron,  and  20  pounds  rudder..." 


3. 6. 1.1  Trim  for  Asymmetric  Thrust 


A.  REQUIREMENT 

3. 6. 1.1  Trim  for  Asymmetric  Thrust  -  For  all  multi-engine  airplanes, 
it  shall  he  possible  to  trim  the  elevator,  rudder,  and  aileron  control 
forces  to  zero  in  straight  flight  with  up  to  two  engines  inoperative 
following  asymmetric  loss  of  thrust  from  the  most  critical  factors  (3.3.9). 
This  requirement  defines  Level  1  in  level- flight  cruise  at  speeds  from  the 
muximum-range  speed  for  the  engine(s )-out  configuration  to  the  speed 
obtainable  with  normal  rated  thrust  on  the  functioning  engine(s).  Systems 
completely  dependent  on  the  failed  engines  shall  also  be  considered  failed. 

B.  APPLICABLE  PARAMETERS 

Trim  authority  with  up  to  two  engines  inoperative.  ’  ; 

C.  P-4  CHARACTERISTICS 

No  F-4  data  are  available  concerning  this  requirement. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

None. 

E.  DISCUSSION 

The  requirement  appears  reasonable  as  written. 

F.  RECOMMENDATIONS 

None. 
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3.6. 1.2  Rate  of  Trim  Operation 

3.6.1. 3  Stalling  of  Trim  Systems 

3. 6. l.U  Trim  System  Irreversibility 

A.  REQUIREMENT 

3.6.1. 2  Rate  of  Trim  Operation  -  Trim  devices  shall  operate  rapidly 
enough  to  enable  the  pilot  to  maintain  low  control  forces  under  changing 
conditions  normally  encountered  in  service,  yet  not  so  rapidly  as  to  cause 
over-sensitivity  or  trim  precision  difficulties  under  any  conditions. 
Specifically,  it  shall  he  possible  to  trim  the  elevator  control  forces  to 
less  than  ±10  pounds  for  center-stick  airplanes  and  120  pounds  for  wheel- 
control  airplanes  throughout  (a)  dives  and  ground  attack  maneuvers  required 
in  normal  service  operation  and  (b)  level-flight  accelerations  at  maximum 
augmented  thrust  from  250  knots  or  Vr/c,  whichever  is  less,  to  Vmax  at  any 
altitude  when  the  airplane  is  trimmed  for  level  flight  prior  to  initiation 
of  the  maneuver. 

3.6.1. 3  Stalling  of  Trim  Systems  -  Stalling  of  a  trim  system  due  to 
aerodynamic  loads  during  maneuvers  shall  not  result  in  an  unsafe  condition. 
Specifically,  the  longitudinal  trim  system  shall  be  capable  of  operating 
during  the  dive  recoveries  of  3.2. 3.6  at  any  attainable  permissible  n,  at 
any  possible  position  of  the  trimming  device. 

3.6.1. 4  Trim  System  Irreversibility  -  All  trimming  devices  shall 
maintain  a  given  setting  indefinitely,  unless  changed  by  the  pilot,  by  a 
special  automatic  interconnect  such  as  to  the  landing  ilaps,  or  by  the 
operation  of  an  augmentation  device.  If  an  automatic  interconnect  or 
augmentation  device  is  used  in  conjunction  with  a  trim  device,  provision 
shall  be  made  to  ensure  the  accurate  return  of  the  device  to  its  initial 
trim  position  on  completion  of  each  interconnect  or  augmentation  operation. 

B.  APPLICABLE  PARAMETERS 

Trim  rates,  out-of-trim  forces  in  maneuvers  specified  in  3. 6. 1.2,  trim 
power  at  any  permissible  normal  load  factor,  and  trim  irreversibility. 

C.  F-4  CHARACTERISTICS 

F-4  evaluations  have  mentioned  trim  rate,  trim  linearity,  trim  time 
delay  and  location  of  the  trim  button  as  contributory  factors  to  faying 
qualities .  No  numerical  data  are  available  on  the  required  force  levels  of 
3. 6. 1.2.  No  background  is  available  on  3.6.1. 3,  and  one  comments  states 
that  the  F-4  meets  the  requirement  of  3.6.1. 4. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

Feel/Trim  System  SI 

o  "The  longitudinal  trim  rate  is  too  slow,  although  trim  requirements 
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over  most  of  the  flight  envelope  are  small.  This  condition  is  especially 
noted  in  configuration  PA  during  landing  approaches  where  trim  requirements 
are  the  highest.  Correction  of  this  deficiency  is  mandatory  for  satisfac¬ 
tory  service  use." 

"The  trim  controls  will  maintain  a  given  setting  unless  deliberately 
changed."  Reference  Nl,  F4H-1. 

o  "In  the  longitudinal  axis  there  is  an  apparent  time  delay  in  the 

trim  circuit  from  the  time  the  trim  button  is  depressed  until  response  is 
attained.  This  phenomenon  prevents  the  pilot  from  "beeping"  the  longitudi¬ 
nal  trim  system  and  requires  that  the  trim  button  be  held  depressed  until 
the  desired  trim  is  attained.  This  mpJtes  small,  accurate  adjustments  in 
longitudinal  trim  difficult  since  the  pilot  is  constantly  over-shooting 
and  under-shooting  the  desired  trim  position.  In  addition,  the  longitudi¬ 
nal  trim  rate  is  slow.  This  is  most  apparent  when  longitudinal  trim  changes 
are  rapid,  as  in  MAX  A/B  acceleration  or  when  transitioning  from  configura¬ 
tion  CR  to  configuration  PA.  These  characteristics  of  the  longitudinal 
trim  system,  combined  with  the...  poor  location  of  the  trim  button... and 
the  broad  friction  band  of  the  longitudinal  control  system. . .result  in  poor 
longitudinal  trimmability .  Correction  of  this  deficiency  is  desirable  for 
improved  service  use." 

"The  lateral  trim  system  produced  a  high  rate  of  trim.  Over-shooting 
the  desired  trim  was  a  common  occurrence.  Correction  of  this  deficiency  is 

desirable  for  improved  service  use." 

"The  rudder  trim  system  produced  a  satisfactory  rate  of  trim.  Poor 
rudder  centering. . .often  resulted  in  out— of— trim  flight  conditions. 

Reference  N4,  F4H-1/-1F. 

0  "The  longitudinal  trim  system  rate  is  sufficient  to  maintain  trim 

requirements  during  constant  5,000  ft.  altitude,  MAX  A/B  thrust  accelera¬ 
tion  runs  from  250  kts  to  750  kts  CAS... the  excessively  high  location  of  the 
trim  button  on  the  control  stick  and  the  apparent  time  delay  in  the  trim 
circuit  operation  are  deficiencies  which  make  accurate  adjustment  of  longi¬ 
tudinal  trim  difficult.  These  cause  the  pilot,  on  occasion,  to  overcontrol 
the  airplane  in  the  longitudinal  axis  and  increase  the  PIO  tendency  of  the 
airplane.  Correction  of  these  deficiencies  is  desirable  for  improved  service 
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use. 


"  Reference  N5>  F-4A/B. 

Feel/Trim  System.  S2 
o  "Longitudina.1  trim  rate  was  too  slow  to  maintain  a  trimmed,  condi¬ 

tion  during  acceleration  and  deceleration.  This  discrepancy  caused  a  gross 
out-of-trim  condition  during  speed  transient  conditions  which  added  to 
longitudinal  sensitivity  and  increased  the  FIO  susceptibility  of  the  air¬ 
craft  in  the  low-altitude  high-speed  region.  The  trim  rate  should  be 
increased,  and/or  the  stick  free  longitudinal  stability  gradient  should 
be  reduced." 

"...slow  trim  rate  significantly  detracted  from  the  handling  qualities 
of  the  aircraft..."  Reference  Al,  F-4C. 

o  "Longitudinal  trim  rate  was  sufficient  to  maintain  trim  requirements 

during  MAX  A/B  accelerations  to  750  KIAS.  However,  non-linear  trim  and  high 
control  system  sensitivity  make  precise  trimming  difficult.  While  trimming, 
the  pilot  will  excite  small  (±0.5g)  airplane  short  period  oscillations. 

This  was  particularly  true  in  the  transonic  region  of  .95  IMN  to  1.05  IMN. 
Reference  N7>  F-4A/B. 

Feel/Trim  System  S? 

o  "With  the  shallow  longitudinal  control  force  gradients  of  the 

F-4j,  the  trim  rate  was  adequate  to  maintain  longitudinal  cockpit  control 
forces  near  zero  during  rapid  speed  changes  (rating  C2) .  Elimination  of 
large  out  of  trim  conditions  during  rapid  speed  changes  at  low  altitude 
reduced  the  PIO  tendency."  Reference  Nl4,  F-4j. 
o  "Trim  rate. . .satisfactory. "  Reference  N23,  F-4M. 

o  "With  the  downsprings  installed  [S2]  the  longitudinal  trim  rate  had 

been  reported  to  be  too  slow  to  maintain  a  trimmed  condition  during  accelera¬ 
tion  and  decelerations  at  low  altitude  [see  Reference  Al  comments].  This 
discrepancy  caused  a  gross  out-of-trim  condition  (forces)  during  transient 
speed  conditions  which  increased  the  PIO  susceptibility  of  the  aircraft  in 
the  low  altitude,  high  speed  region.  Removal  of  the  downsprings  [incorpora¬ 
tion  of  S3]  eliminated  this  out-of-trim  condition  and  reduced  PIO  suscepti¬ 
bility."  Reference  A5,  F-4C. 

E.  DISCUSSION 

The  interaction  of  static  stability  and  PIO  characteristics  with  trim 
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rate  1b  evidenced  by  the  above  comments.  F-l*  experience  verifies  the  need 
for  these  qualitative  requirements. 

F.  RECOMMENDATIONS 
3. 6. 1.2 
None . 

3.6.1. 3 
Hone . 

3.6.1. 4 
None. 


1*59 


A.  requirement 

„  ,  „  „„„  fi  h  trht-Path  Control  Devices  -  The  effectiveness^  and 

3‘6,l-mS  of  the  folfcCnd-aft  f5ree  controls,  in  combination  with  the 

r1  fFsrE^pf  ^  «* 

Is™  o  lX  "™rs,  auxiliary  drag  devices,  and  flaps. 


B.  APPLICABLE  PARAMETERS 

For  the  F-4,  this  requirement  refers  to  throttle  response  and  engine 
thrust,  speed  brake  extension  times  and  effectiveness,  flap  extension  times 

and  effectiveness. 

C.  F-k  CHARACTERISTICS 

ho  comments  are  available  which  relate  flap  characteristics  directly 
to  this  requirement  but  some  comments  are  available  on  speed  brake  exten¬ 
sion.  Very  detailed  comments  are  available  which  relate  throttle  response 
and  effectiveness  to  PA  flying  qualities.  The  interaction  of  various  flying 
qualities  parameters  in  the  PA  Flight  Phase  has  been  discussed  elsewhere  i 
the  particular  contribution  of  engine  characteristics  is  included  here. 

The  F-4  is  unusual  in  that  extensive  flight  experience  is  available  wi 
two  different  engines,  i.e.,  the  G.E.  J79  turbojet  and  the  Bolls  Boyce 


Spey  turbofan. 

Figure  1  (3.6.2)  presents  a  waveoff  time  history  for  the  Spey-engined 
F-ittC  with  *0  bleed  air  switching  from  high  to  low  pressure  stages  (12th  to 
7th)  when  the  throttles  are  advanced  to  PUT.  Figure  2  (3.6.2)  is  a  qualita¬ 
tive  comparison  of  approach  handling  characteristics  with  the  two  engines, 
expressed  as  percentage  of  time  spent  at  various  angles  of  attack.  Figures 
3  (3.6.2)  and  4  (3.6.2)  show  a  comparison  of  engine  response  between  the  J79 

Dr,  F-Scnre  5  (3.6.2)  presents  the  thrust/rpm  slope  of  both 
and  Spey  engines,  and  Figure  ?  w*  P 

engines  as  a  background  to  approach  flying  qualities . 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

fi-need  Brake  Effectiveness. 

"The  speed  brakes  decelerated  the  airplane  from  military  thrust  Vmax 
to  0.6  V-„»  at  25,000  ft.  in  18  sec. . .Qualitatively,  the  speed  brskes  ere 
very  eff'ertive  at  supersonic  airspeeds  and  high  EAS.  At  low  EAS  they  are 
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ineffective.  Longitudinal  trim  changes  with  speed  brake  extension  and 
retraction  are  acceptable. ..An  increase  in  speed  broke  effectiveness  at 
airspeeds  below  300  kt  EAS  is  desirable  for  improved  service  use." 

Reference  N^,  Fto-1/1F. 

o  "Speed  brake  effectiveness  was  tested  at  25,000  ft.  by  measuring 

the  time  to  decelerate  from  military  power  V  to  0,8  V  with  the  speed 

max  max  * 

brakes  extended  and  power  retarded  to  the  point  where  full  military  power 
could  be  regained  in  five  seconds.  The  deceleration  time  obtained. . .was  16 
sec..."  Reference  Nl8,  F-^J. 

Throttle  Response  Characteristics 

1)  G.E.  J79  Engines;  Feel/Trim  Systems  SI  or  S2 

o  "Airspeed  and  altitude  control  during  the  approach  are  excellent. 

Engine  and  airplane  response  to  throttle  movements  coupled  with  good  longi¬ 
tudinal  controllability  allows  the  pilot  to  make  precise  corrections  in 
airspeed  and  altitude  during  the  approach."  Reference  Ml,  F^H~1  (Si), 
o  "Fifteen  day  and  nine  night  mirror-landing-aid  approaches  were  made 

using  a  3°  mirror  angle.  Airplane  and  engine  response  to  throttle  movement 
was  excellent  and  it  was  found  that  airspeed  could  be  controlled  very  easily 
within  2  kt  of  the  desired  approach  speed."  Reference  M2,  F4H-1  (Si), 
o  "The  flying  qualities  of  the  aircraft  during  the  approach  and  land¬ 

ing  phase  were  satisfactory.  Precise  airspeed  and  glide  slope  control  were 
available  to  the  pilot  through  the  excellent  response  characteristics  of  the 
J79  engine  and  the  positive  static  stability  of  the  aircraft  in  this  con¬ 
figuration."  Reference  Al,  F-kC  (S2). 

2)  R.R,  Spey  Engines;  Feel/Trim  System  S3 

o  "The  approach  handling  characteristics  of  the  airplane  were  unaccept¬ 

able  for  the  following  reasons: 

(a)  Inability  to  set  or  maintain  a  desired  level  of  thrust... 

(b)  Inability  to  stabilize  on  approach  speed.., 

(c)  Neutral  static  longitudinal  stability  llO  kt  from  trim  airspeed... 

(d)  Lateral  oscillations  and  poor  roll  response... 

(e)  Lack  of  longitudinal  stick  centering... 

(f)  Poor  longitudinal  and  lateral  control  force  harmony... 

"For  reasons  unknown  to  the  pilot,,  it  was  virtually  impossible  to  make 


precise  corrections  with  the  throttles  without  either  a  change  in  airspeed, 
or  glide  slope  less  than  or  greater  than  that  desired." 

This  report  then  presented  some  thrust  stand  data  from  which  it  was 
surmired  that  the  problems  might  be  due  to 

(a)  nonlinearities  in  thrust  for  a  range  of  throttle  positions 
representative  of  approach  throttle  usage. 

(b)  a  large  spread  in  throttle  position  for  matched  engine  RPM  in 
the  approach  RPM  range. 

(c)  a  veriation  in  thrust  due  to  hysteresis  greater  than  500  lb. 

(d)  a  cycling  of  thrust  ±300  lb  about  a  mean  of  6000  lb.  with  both 
engines  at  0#  and  full  flaps,  possibly  due  to  BLC  bleed  air 
switching  from  engine  to  engine, 

"There  were  no  large  uncommanded  thrust  changes  noticeable  during 
landing  approaches  with  full  flap,  however,  during  1/2  flap  approaches 
large  uncommanded  thrust  changes  were  experienced  with  the  RPM  around  85 /» 
...during  the  thrust  stand  run... The  total  change  in  thrust  was  an  increase 

of  1,200  lb." 

"The  inability  to  stabilize  on  approach  speed  is  obviously  related  to 
the  engine  characteristics  discussed  [above]  but  all  of  the  flying  quali¬ 
ties  deficiencies  listed  above  contributed  to  increase  the  pilot's  task 
immeasurably,  [A  time  history  of  a  typical  approach  to  wave-off  is  pre¬ 
sented  in  Figure  1  (3.6.2) ].. .to  show  the  variations  in  airspeed  and  AOA 
experienced  and  to  illustrate  the  lateral  and  longitudinal  control  manipu¬ 
lations  made  during  the  approaches.  A  consensus  of  NATO  pilots  familiar 
with  the  approach  handling  qualities  of  the  F-4B  and  the  F-4K  airplanes  is 
presented  in  [Figure  2  (3.6.2)].  This  is  an  attempt  to  display  'pilot 
opinion'  of  approach  handling  characteristics  in  terms  of  percentage  of 
time  spent  at  various  angles-of-attack  indications  during  typical  approaches 
on  a  3-1/2°  glide  slope  in  the  F-4K  as  compared  to  the  F-4B.  It  has  been 
recognized  that  each  F— 4fC  tested  to  date  has  exhibited  differences  in 
approach  handling  qualities  with  different  combinations  of  engines  installed." 

Reference  NIT,  F-4K. 

o  Under  the  heading  "Throttle  Response"  Reference  N2Q  stated:  "For 

the  test  day  conditions,  the  configuration  PA  approach  characteristics  were 
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similar  to  those  of  the  F-4J  with  the  exception  of  engine  handling  where 
the  airplane  exhibited  slow  thrust  response  for  small  throttle  movements. 

An  indication  of  these  characteristics  is  shown  in  [Figure  3  (3*6.2)]. 
[Figures  3  (3.6,2)  and  4  (3.6.2)]  compare  the  thrust  response  of  the  Spey 
engine  with  that  of  the  J79.  While  the  J79  incremental  thrust  Increase  for 
a  given  rise  in  RPM  remains  constant  over  the  approach  power  range  (85#  to 
90#)  the  Spey  incremental  thrust  almost  doubles,  as  shown  in  [Figure  5 
(3.6.2)].  The  J79  accelerates  from  80#  to  88#  RPM  in  approximately  1  sec, 
while  the  Spey  requires  over  2  sec.  to  attain  the  same  increase  in  HPRPM. 
Because  a  turbo-fan  engine  achieves  a  large  portion  of  its  thrust  from  the 
bypass  air,  the  thrust  response  of  the  Spey  is  further  degraded  by  the  lag 
of  LPRPM  behind  HPRPM.  In  addition,  with  RPM  deceleration  an  airplane  sink 
rate  rapidly  develops  which  indicates  a  possible  englne/BLC  bleed  air  inter¬ 
action  in  the  approach  RPM  range  introducing  loss  of  lift  as  well  as  thrust." 

"During  a  normal  manual- throttle  F-4  carrier  approach,  power  is  used  to 
control  glide  slope  while  pitch  attitude  controls  airspeed.  The  thrust 
response  of  the  F-4K  is  adequate  to  maintain  glide  slope  during  the  initial 
portion  of  the  approach  where  the  tolerances  are  large.  However,  as  the 
allowable  glide  slope  error  decreases  with  distance  to  touchdown  the  thrust 
response  of  the  Spey  becomes  increasingly  objectionable.  Precise  glide  slope 
corrections  inside  of  1/4  mile,  which  are  easily  made  with  power  in  the 
F-4B/J,  were  difficult  in  the  F— *+K  (rating  C4,5)»  When  a  given  power  addi¬ 
tion,  which  was  often  required  coming  through  the  air  wake  turbulence,  did 
not  immediately  produce  the  desired  results ,  the  pilot  quickly  applied 
additional  throttle.  The  thrust  became  effective  approximately  at  the  time 
the  airplane  was  crossing  the  ramp  requiring  a  quick  power  reduction  to 
maintain  glide  slope.  Overcontrolling  the  power  reduction  quickly  set  up  a 
high  sink  rate  which  was  difficult  to  arrest  with  power  due  to  the  lag  in 
thrust  response.  This  tendency  will  be  more  marked  during  night  operations 
when  the  pilot  is  deprived  of  the  numerous  visual  cues  available  during  day 
operations.  Improvement  of  the  configuration  PA  thrust  response  characteris¬ 
tics  of  the  F-4K  airplane  is  mandatory  for  satisfactory  service  use." 
Reference  N20,  F-4K. 
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o  "The  approach  handling  characteristics  of  the  F-4M  were  similar 

to  those  of  the  F-4K  as  reported  in  [Reference  N173.  Satisfactory  carrier 
type  approaches  can  he  made  only  under  day  VFR  conditions,  and  are  consider¬ 
ably  more  difficult  to  make  in  the  F-4M  than  in  the  F-4J.  Since  the  flight 
control  systems  and  basic  stability  characteristics  of  the  F-4M  are  similar 
to  the  F-4J,  the  Increased  pilot  work  load  in  the  approach  must  he  attributed 
to  the  different  engine  handling  characteristics  of  the  Spey  engines  as  com¬ 
pared  to  the  J79  engines.  In  the  F-4J  and  F-4M,  the  longitudinal  flight 
control  system  centering  and  friction,  and  the  static  and  maneuvering 
longitudinal  stability  characteristics  are  all  similar  and  are  marginal  at 
best.  In  the  F-4J,  the  J79  engine,  with  its  excellent  response  time  and  the 
precision  with  which  a  thrust  level  can  be  set,  provides  the  pilot  with  a 
rapid  and  accurate  means  of  altitude  control  on  the  glide  slope.  The  margi¬ 
nal  flying  qualities  of  the  F-4J  are  not  aggravated  by  the  engine  handling 
characteristics.  However,  in  the  F-4M  (and  F-4K),  the  engine  response  is 
Bluggish  and  there  are  significant  nonlinearities  between  throttle  movement 
and  thrust  response.  Consequently,  the  pilot  is  unable  to  rapidly  or 
accurately  make  timely  thrust  setting  changes  in  the  approach.  The  inter¬ 
action  between  the  poor  engine  handling  characteristics  and  the  marginal 
flying  qualities  of  the  F-4M  results  in  significantly  increased  pilot  work 
load  over  that  required  with  the  F-4J,  and  makes  precision  approaches  diffi¬ 
cult,  even  under  optimum  conditions.  Reference  N23 ,  F— 4m» 

E.  DISCUSSION 

Sneed  Brake  Effectiveness 

The  comments  provide  some  background  to  the  requirement.  The  difficulty 
of  providing  reasonable  effectiveness  at  both  high  and  low  V  flight  condi¬ 
tions  is  emphasized  by  the  Reference  N4  comment. 

Engine  Response  Characteristics 

The  comments  and  data  presented  on  the  F-4K/M  engine  problems  can  be 

summarized  as  follows : 

(1)  Slow  thrust  response 

(2)  Nonlinearity  of  thrust  response 

(3)  Thrust  variation  due  to  hysteresis 

(4)  Uncommanded  thrust  variation  with  time 


(5)  Engine  thrust  mismatch. 

The  more  lengthy  comments  tend  to  support  the  statement  In  Reference  B2, 
l.e.,  the  general  problem  of  speed  and  flight-path  control  is,  by  nature, 
complex.  This  argument,  together  with  the  realization  that  a  quantitative 
specification  would  nave  to  apply  to  a  large  variety  of  mechanizations,  was 
used  to  Justify  writing  this  important  requirement  in  a  general,  qualitative 
form.  The  F-h  data  are  reasonably  detailed  but  are  not  considered  sufficient 
to  Justiiy  numerical  specification  of  any  parameter.  Therefore,  the  quali¬ 
tative  requirement  should  be  retained  as  written. 

F.  RECOMMENDATIONS 

Add  the  following  to  the  requirement! 

In  particular,  the  engine  thrust-to-throttle  response  characteristics 
shall  be  compatible  with  the  airframe  stability  and  control  characteristics 
so  as  to  provide  adequate  overall  speed  stability  and  flight  path  control  in 
the  power  approach  configuration. 
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F-4/J79 

Pilot  Rating  E 1 
(Refs.  N1,  N2,  A1) 


[s'  L.H. 


i// 


6 

Time  (sec) 


MK/Spey 

Pilot  Rating  C4.5 
(Ref.  N20) 


Figure  4  (3.6.2) 
Thrust  Response  Comparison 
GE-J79/RR  Spey  MK  201 
Estimated  Net  Thrust 


Static 
Installed 
Thrust  - 
Thousand  lb. 
Two  Engines 


full  flap 
Temp.  80°F 
Reference  N20 


Figure  5  (3.6.2) 

Engine  Performance  Static  installed 
Thrust  Comparison 
GE-J79-1D  and  RR  Spey  NIK  201 
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3.6.3  Transients  and  Trim  Changes 

A.  REQUIREMENT 

3.6.3  Transients  and  Trim  Chants  -  The  transients  and  steady- 
state  trim  changes  for  normal  operation  of  secondary  control  devices 
(such  as  throttle,  flaps,  slats,  speed  brakes,  deceleration  devices, 
dive  recovery  devices,  wing  sweep,  and  landing  gear)  shall  not  impose 
excessive  control  forces  to  maintain  the  desired  heading,  altitude, 
attitude,  rate  of  climb,  speed  or  load  factor  without  use  of  the  trimmer 
control.  This  requirement  applies  to  all  in-flight  configuration 
changes  and  combinations  of  changes  made  under  service  conditions, 
including  the  effects  of  asymmetric  operations  such  as  unequal 
operation  of  landing  gear,  speed  brakes,  slats,  or  flaps.  In  no  case 
shall  there  by  any  objectionable  buffeting  or  oscillation  of  such 
devices.  More  specific  requirements  on  secondary  control  devices  are 
contained  in  3.6. 3.1,  3.6.4,  and  3.6.5  and  in  MIL— P-9490  and  MIL-F- 
18372. 

3. 6. 3.1  Pitch  Trim  Changes  -  The  pitch  trim  changes  caused  by 
operation  of  secondary  control  devices  shall  not  be  so  large  that  a 
peak  elevator  control  force  in  excess  of  10  pounds  for  center-stick 
controllers  or  20  pounds  for  wheel  controllers  is  required  when  such 
configuration  changes  are  made  in  flight  under  conditions  representative 
of  operational  procedure.  Generally,  the  conditions  listed  in  table 
XIV  will  suffice  for  determination  of  compliance  with  this  requirement. 
(For  airplanes  with  variable-sweep  wings,  additional  requirements  will 
be  imposed  consistent  with  operational  employment  of  the  vehicle.) 

With  the  airplane  trimmed  for  each  specified  initial  condition,  the 
peak  force  required  to  maintain  the  specified  parameter  constant 
following  the  specified  configuration  change  shall  not  exceed  the 
stated  value  for  a  time  interval  of  at  least  5  seconds  following  the 
completion  of  the  pilot  action  initiating  the  configuration  change. 

The  magnitude  and  rate  of  trim  change  subsequent  to  this  time  period 
shall  be  such  that  the  forces  are  easily  trimmable  by  use  of  the  normal 
trimming  devices.  These  requirements  define  Level  1.  For  Levels  2 
and  3,  the  allowable  forces  are  increased  by  50  percent. 

B.  APPLICABLE  PARAMETERS 

Control  force  transients  and/or  changes  due  to  operation  of  throttle, 
flaps,  speed  brakeB  and  landing  gear. 

C.  F-4  CHARACTERISTICS 

3.6.3  General  comments  and  data  on  l)  buffet  experienced  with 
flap  and ‘speedbrake  actuation,  2)  transient  lateral  and  directional 
trim  changes  and  3)  normal  acceleration  transients  with  speedbrake 
actuation  are  presented  in  paragraph  D. 

3. 6. 3*1  The  available  trim  change  data  appear  in  Table  I  (3. 6.3.1). 
The  data  are  presented  as  they  originally  appeared  in  the  referenced 
evaluations,  except  that  the  loading  conditions  are  not  identified. 
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Table  XIV 

Pitch  Trim  Change  Conditions 


1 

Initial  Trim  Condition 

Configuration 

Change 

Parameter  to 
Be  Held 
Constant 

1 

Altitude 

Speed 

Landing 

Gear 

High-Lift 
Devices 
&  Wing 
Flaps 

Thrust 

Apprc 

ii  n 

Normal 

Pattern 

Entry 

Speed 

Up 

Up 

TLF 

Gear  Down 

Altitude 

and 

Airspeed* 

2 

Up 

Up 

TLF 

Gear  Down 

Altitude 

3 

■ 

1 

1 

1 

1 

Down 

Up 

TLF 

Extend  High- 
Lift  Devices 
and  Wing 

Flaps 

Altitude 

and 

Airspeed* 

1 

■ 

1 

1 

1 

1 

Down 

Up 

TLF 

EHUiAx  ih] 

Altitude 

1 

Down 

Down 

TLF 

Airspeed 

6 

■ 

■ 

1 

■ 

E 

Down 

Down 

TLF 

Extend 

Approach  Drag 
Device 

Airspeed 

JF! 

■ 

■ 

■ 

■ 

Down 

Down 

TLF 

Takeoff 

Thrust 

Airspeed 

Approach 

1 

Vo 

nin 

Down 

Down 

TLF 

Takeoff 

Thrust  Plus 
Normal  Cleanup 
for  Waveoff 
(Go-around) 

Airspeed 

g 

1 

1 

i 

Down 

Takeoff 

Take¬ 

off 

Thrust 

Gear  Up 

Pitch 

Attitude 

to 

1 

1 

1 

i 

Nlln. 

Flap- 

Retract 

Speed 

Up 

Takeoff 

Take¬ 

off 

Thrust 

Retract  High- 
Lift  Devices 
and  Wing 

Flaps 

Airspeed 

ii 

°min 

and 

h0 

Dmax 

Speed 

for 

Level 

Flight 

Up 

Up 

MRT 

Idle  Thrust 

Pitch 

Attit 

udo 

H 

i 

■ 

Up 

Up 

MRT 

Actuate  De¬ 
celeration 

Device 

■ 

■ 

13 

■ 

I 

i 

fl 

Up 

MRT 

Maximum 

Augmented 

Thrust 

■ 

■ 

14 

1 

Speed 

for 

Best 

Range 

■ 

Up 

TLF 

Actuate  De¬ 
celeration 

Device 

1 

1 

•Throttle  setting  may  be  changed  during  the  maneuver. 

Notes:  -  Auxiliary  drag  devices  are  initially  retracted,  and  all  details  of 

configuration  not  specifically  mentioned  are  normal  for  the  Flight  Phase, 

-  if  power  reduction  is  permitted  in  meeting  the  deceleration  requirements  established  for  the 
the  mission,  actuation  of  the  deceleration  device  In  No.  12  and  No.  14  shall  be  accompanied 
by  the  allowable  power  reduction. 


The  maneuvers  are  numbered  to  identify  the  closest  corresponding 
maneuver  in  Table  XIV  of  the  specification,  and  the  required  maneuver 
and  the  required  Level  1  force  are  also  shown  for  comparison. 

It  should  be  noted  that  some  reports  include  drooped  aileron 
actuation  with  flap  actuation  (see  Table  I  (Il.l)). 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 

3.6.3 

o  "General  airframe  buffet  was  experienced  in  configuration  PA 
and  is  disconcerting  to  the  pilot  under  all-weather  conditions. 
Correction  of  this  deficiency  is  mandatory." 

The  glide  path  was  easy  to  maintain  and  the  power  response  to 
throttle  movement,  was  outstanding." 

During  decelerations  through  the  transonic  region  with  speed 
brakes  extended  and  a  3g  normal  acceleration,  a  2g  overshoot  was 
experienced  at  0.92M.  This  overshoot  is  controllable  and  was  not 
present  with  the  speed  brakes  closed.  Correction  of  this  deficiency 
is  desirable  for  improved  service  use."  Reference  Nl,  F4H-1 
o  "At  subsonic  airspeeds  there  is  a  noticeable  but  acceptable 

airframe  buffet  with  the  speed  brake  extended."  Reference  N3,  Fhll-l/ 
-IF 

o  "Lateral  and  directional  trim  changes  during  wave-offs  were 
investigated  by  jam  acceleration  of  the  engines  to  (MRT)  and  (MAT) 
power  at  angles-of-attack  from  19.0  to  22.0  units.  The  resulting 
directional  trim  changes  were  negligible  and  lateral  trim  changes 

were  gradual  and  easily  controlled  (rating  C2)."  Reference  N17, 

F-l+B 

o  "Lateral  trim  changes  were  experienced  in  both  test  airplanes 
upon  flap  and  drooped  aileron  extension  or  retraction.  The  trim  change 
in  XT-595  was  transient  and  resulted  in  wing  rocking  during  transition. 
The  trim  change  in  XT-596  resulted  in  a  steady-state  out  of  trim 
condition  of  about  5  lb.  after  transition.  Neither  the  transient  or 
steady  state  trim  change  is  conducive  to  good  instrument  flying,  and 
correction  is  desirable  for  improved  service  use."  Reference  N20,  F-4K 
o  "The  speed  brakes  were  extended  at  elevated  load  factors  during 
windup  turns  (g  values  from  3.5  to  7*0  in  increments  of  0.5g).  For 
each  turn,  a  constant  load  factor  was  maintained  until  the  speed- 
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brake  was  extended.  At  500  KCAS,  10,000  feet  and  an  initial  load 
factor  of  3.5  to  6.0  g’s,  extension  of  the  speed  brakes  momentarily 
increased  the  load  factor  by  approximately  0.4g  and  then  the  load 
factor  returned  to  initial  value.  For  initial  load  factors  above 
6.0  g's,  speedbrake  extension  increased  the  load  factor  by  only  0.2g  s... 
extension  of  the  speedbrakes  during  flight  in  light  to  heavy  buffet 
had  no  measurable  effect  on  load  factor."  Reference  A5»  F-4c» 

3.6. 3.1 

Feel/Trim  System  SI 

o  "The  most  desirable  flying  quality  of  the  model  F4H-1  airplane 
during  transition  to  flight  after  take-off  is  the  lack  of  any  noticeable 
trim  change  with  landing  gear  and  flap  retraction.  Also,  the  airplane 
has  no  tendency  to  settle  with  flap  retraction.  This  characteristic 
of  the  model  F4H-1  airplane  is  very  desirable  for  a  night,  all-weather 
interceptor.  Landing  gear  and  flap  retraction  time  is  approximately 
6  to  8  sec." 

"Longitudinal  trim  changes  associated  with  speedbrake  extension 
and  retraction  are  negligible  and  satisfactory.  With  the  speed- 
brakes  extended  at  subsonic  airspeeds  there  is  a  noticeable  but 
acceptable  airframe  buffet.  This  buffet  is  not  present  at  supersonic 
airspeeds."  Reference  HI,  F4H-1 

o  "Longitudinal  trim  changes  during  the  transition  to  climb  after 
take-off  are  satisfactory.  The  trim  change  with  landing  gear  retrac¬ 
tion  is  negligible.  The  trim  change  with  flap  retraction,  requiring 
less  than  5  lb.  of  longitudinal  push  force,  is  considered  acceptable. 

The  airplane  exhibits  no  tendency  to  "settle"  with  flap  retraction." 

"All  trim  changes ...  are  satisfactory."  Reference  N2,  F4H-1 
o  "All  forces  are. . .acceptable."  No  improvement  is  requested  and 
so  Level  1  can  be  assigned  to  this  rating.  Reference  N4,  F4H-1/-1F 

Feel/Trim  System  S2 

Reference  A1  noted  that  trim  changes  in  general  met  the  specified 
values  with  the  exception  of  speed  brake  extension  at  high  speeds. 

"This  trim  change  (l4  pounds)  was  large  but  considered  acceptable." 

This  report  then  mentioned  that  the  cumulative  trim  change  encountered 
due  to  flap  retraction,  gear  retraction  and  acceleration  from  165  to 
210  knots  was  17  pounds  push,  and  proposed  that  the  recommended  trim 
setting  for  takeoff  be  amended  from  neutral  to  2  units  nose  down.  It 
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then  concluded"...  objectionable  longitudinal  trim  change. . .following 
takeoff . . .Positioning  the  trim  to  the  2  units  nosedown  position  re¬ 
lieved  this  undesirable  characteristic.  All  other  longitudinal  trim 
changes ..  .were  satisfactory.”  The  force  due  to  speedbrake  extension 
is  assigned  Level  1  flying  qualities  on  this  basis.  Reference  Al, 

f-4c 

o  "Longitudinal  trim  changes  associated  with  combined  flap  and 
drooped  aileron  extension  and  retraction  were  in  excess  of  [specifica¬ 
tion  requirements].  Inconsistent  synchronization  of  flap  and  drooped 
aileron  operation  precluded  obtaining  repeatable  data.  Peak  trim 
changes  within  5  sec  after  actuation  were  in  excess  of  12  lb.  pull 
during  extension  and  20  lb.  push  during  retraction  of  flaps  and  drooped 
ailerons.  Correction  of  these  deficiencies  is  mandat ory  for  satisfactory 
service  use."  Reference  JJB,  F-4b 

o  "The  maximum  trim  changes  were  8  lb.  pull  for  flsp-aileron  exten¬ 
sion  and  5  lb.  push  for  flap-aileron  retraction  which  were.  ..satisfactory 
(rating  C2)."  Reference  N9,  F-bB 

o  The  total  force  held  by  the  pilot  at  150  KCAS  in  configuration  . 
PA  transiting  from  a  trim  speed  of  250  KCAS  in  configuration  CR  was 
15  lb.  pull. .. (rating  C4.5).  Any  inadvertent  relaxation  of  these 
forces  by  the  pilot  resulted  in  an  undesirable  loss  of  altitude  in  the 
landing  pattern.  Trimming  during  the  speed  and  configuration  transi¬ 
tion  required  approximately  50$  of  total  longitudinal  trim  authority, 
and  was  almost  a  mechanical  procedure. .  .because  of  the  heavy  longitudinal 
force  buildup."  Reference  Nil,  F-hB. 

Feel/Trim  System  S3 

"Trimmability  was  enhanced  by  downspring  removal  in  air-to-ground 
weapons  delivery  maneuvers.  The  airplane  could  be  pre-trimmed  for 
weapons  release  airspeeds  and  still  be  maneuvered  throughout  the  delivery 
pattern  with  the  control  forces  remaining  comfortably  light,  thus  relieving 
pilot  fatigue  and/or  excessive  trimming  requirements." 

Transiting  from  configuration  CR  at  250  KCAS  to  configuration  PA 
at  150  KCAS  resulted  in  a  total  of  6  lb.  pull  at  150  KCAS  with  only 
about  25$  of  the  longitudinal  trim  authority  required  to  trim  out  the 
forces.  This  reduction  in  the  trim  change  during  transitions  to  configura¬ 
tion  PA  is  more  comfortable  [than  the  15  lb.  obtained  with  feel/trim  system 
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S2 ] ,  particularly  under  instrument  conditions,  and  allows  the  pilot  to 
concentrate  more  on  the  landing  approach  or  separation  from  other  air¬ 
craft  in  the  landing  pattern  (rating  C2)."  Reference  Nil  F/RF— ^B 
o  "Longitudinal  trim  changes  were  measured  within  5  seconds  after  changes 
in  configuration  or  engine  thrust  as  presented  in  [Table  I  (3-6*3<l)3- 
The  trim  change  associated  with  flap  extension  was  objectionable  in  that 
the  total  change  occurred  in  two  seconds  (rating  C-4.5)*  To  counteract 
the  nose-down  pitching  moment  generated  by  the  flaps  and  drooped  ailerons, 
the  pilot  is  required  to  displace  the  control  stick  aft  7°  (l-T  inches) 
to  prevent  loss  of  altitude-  This  nose-down  trim  change  is  particularly 
undesirable  because  the  flaps  are  normally  extended  at  low  altitude  during 
a  transition  period  when  pilot  scan  is  at  a  maximum  under  night  or  ins¬ 
trument  conditions.  The  total  trim  change  between  250  kt  in  configuration 
CR  to  150  kt  in  configuration  FA  was  15  lb-  pull  over  a  one  minute  period 
with  thrust  for  level  flight  and  altitude  held  constant-  This  is  150$ 
greater  than  the  same  trim  change  in  a  non-drooped  aileron  F-hB  with  the 
downsprings  removed  (6  lb-)-  The  increase  in  forces  is  due  to  the  increase 
in  nose-down  pitching  moment  with  drooped  aileron  extension-  Although 
the  F-^K  will  probably  meet  the  force  requirements  of  [Reference  Bll 
correction  of  the  .excessive  trim  change  with  flap  and  .drooped  aileron 
extension  is  desirable  for  improved  service  use. 11  Reference  $12,  F-4k„ 
o  "In  configuration  TO,  the  trim  change  associated  with  flap  retraction 
required  a  reduction  in  pull  force  of  5  lb.  to  maintain  rate  of  climb 
(rating  C3).  The  trim  change  associated  with  gear  retraction  was  masked 
by  the  changing  control  force  requirement  during  the  acceleration  after 
takeoff.  The  longitudinal  control  pull  force  required  at  lift  off  was 
13  lb.  decreasing  to  zero  at  approximately  200  KIAS,  with  1  unit  TED 
trim  set-  The  longitudinal  trim  change  with  flap  extension  at  200  KIAS 
required  a  7  Ih.  pull  force  to  maintain  altitude-  The  total  trim  change 
occurred  in  2  1/2  seconds  from  commencement  of  flap  extension  (rating 
cE-5),  Under  instrument  conditions,  the  magnitude  and  rapidity  of  the 
trim  change  made  altitude  control  more  difficult.  Should  the  pilot  select 
flap  extension  at  an  airspeed  above  that  at  which  the  airspeed  switch 
will  allow  flap  extension,  the  trim  change  becomes  more  difficult  to 
smoothly  handle  due  to  the  element  of  surprise.  Although  the  longitudinal 
trim  change  associated  with  flap  extension  meets  the  requirements  of 
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(Reference  Bl)  the  rapidity  of  the  trim  change  creates  a  deficiency* 
the  correction  of  which  is  desirable  for  improved  service  use*" 

Reference  Nl4*  F-^J* 

o  "The  longitudinal  trim  change  associated  with  droop  extension  is 
objectionable  in  that  the  total  change  occurs  in  less  than  two  seconds* 

The  longitudinal  trim  change  resulting  from  droop  extension  while 
maintaining  a  constant  altitude  at  150  KIAS  required  a  peak  longitudinal 
control  force  of  approximately  7  lb*  pull  one  second  after  initiation 
in  order  to  counteract  the  nose-down  pitching  moment*  This  nose-down 
trim  change  is  particularly  undesirable  with  the  I  Automatic  Aileron  Droop 
Retraction  System]  since  the  droops  win  normally  be  extended  at  low 
altitude  following  a  bolter  when  pilot  scan  requirements  are  at  a  maximum, 
especially  under  night  or  instrument  conditions-  The  rapid  trim  change 
with  droop  .extension  does  not  meet  the  requirement  (Reference  Bl)* 

Correction  of  this  discrepancy  is  desirable  for  improved  service  use*'" 
Reference  F-%* 

o  ’"AH  longitudinal  trim  changes  were  satisfactory*  with  the  exception 
of  the  trim  change  associated  with  flap  extension*  Prior  to  the  incor¬ 
poration  of  the  electro-mechanical  droop  installation,  the  longitudinal 
trim  change  with  flap  extension  required  a  7  lb*  pull  force  2  1/2  seconds 
after  actuation*  as  reported  in  (Reference  IO.10*  The  electromechanical 
droop  installation  in  the  test  airplane  resulted  in  increased  (approximately 
double)  time  for  the  total  trim  change  to  occur;  however*  the  force  re¬ 
quired  remained  the  same*  The  electromechanical  droop  has  improved  the 
objectionable  rapidity  with  which  the  trim  change  occurred;  however,  it 
has  resulted  in  an  objectionable  "two-step"  trim  change*  Occurrence  of 
the  trim  change  in  two  discrete  steps  (2  1/2  and  5  seconds)  makes  altitude 
control  difficult  under  night  and/or  instrument  conditions*  increasing 
the  pilot'Js  workload  during  an  already  demanding  period  of  the  flight* 

This  limits  the  aircraft  mission  effectiveness*  Although  the  trim  change 
with  flap  extension  met  the  requirements  of  1  Reference  Bl]  it  was  objec¬ 
tionable  and  an  improvement  is  desirable  for  improved  service  use*" 

Reference  lfl8,  J-k3 


Feel/Trim  System  S4 


0  "The  trim  changes. . .were  essentially  the  same  as  those  experienced 
for  the  [S3]  configuration."  Reference  Nil*  F/RF-4B 


E.  DISCUSSION 
3.6.3  and  3. 6. 3.1 

The  F-4  results  in  general  exhibit  good  agreement  with  the  numerical 
specification  requirements.  The  Level  1  rating  assigned  by  the  authors 
to  the  14  pound  force  (specification  Level  2  or  3)  on  speed  brake  exten¬ 
sion  discussed  in  Reference  A1  is  arguable.  The  Level  2  rating  assigned 
by  Reference  N12  to  the  trim  change  on  lowering  the  flaps  refers  to  a  force 
(9  pounds)  which  although  strictly  specification  Level  1  is  close  to  the 
specification  Level  1  boundary.  According  to  the  specification,  the  20 
pound  force  experienced  on  flap  retraction  in  Reference  N8  should  result 
in  a  loss  of  control  situation,  and  so  the  Level  3  rating  actually  assigned 
to  this  force  suggests  that  the  15  pounds  Levels  2  and  3  boundary  is  too 
stringent.  However,  there  are  insufficient  data  to  warrant  a  change  in 
the  requirement. 

Other  remarks  are  concerned  with 

1)  combinations  of  trim  changes,  including  those  due  to  speed  change 

2)  speed  of  trim  change. 

The  first  is  adequately  covered  by  the  "combinations  of  changes 
requirement  of  Paragraph  3.6.3,  and  the  "conditions  representative  of 
operational  procedure"  statement  of  Paragraph  3»6.3«1» 

The  second,  of  concern  in  References  N12,  NlV,  Nl6  and  Nl8  is  not 
apparently  dealt  with  in  3.6.3  or  3. 6. 3.1.  As  presently  stated,  the 
requirement  allows  .the  peak  trim  change  to  occur  at  any  time  within  the 
first  5  seconds.  Ih,the  light  of  F-4  experience,  therefore,  and  because 
Paragraphs  3.6.3  and  3. 6. 3.1  appear  to  be  written  to  deal  with  every 
eventuality,  it  is  reasonable  to  include  in  the  requirement  a  qualita¬ 
tive  statement  to  deal  with  rate  of  trim  change.  With  sufficiently 
general  wording,  this  statement  could  be  made  to  cover  the  type  of  situa¬ 
tion  of  concern  in  Reference  Nl8,  i.e.  objectionable  transient  nature  of 
the  trim  change.  This  statement  is  recommended  for  Paragraph  3.6.3 
because  it  could  then  be  applied  to  lateral  and  directional  trim  changes. 
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It  should  he  noted  that  the  trim  change  data  were  not  necessarily 
obtained  under  the  conditions  defined  in  Table  XIV  of  the  specification 
particularly  with  regard  to  the  parameters  held  constant.  This  is  partly 
due  to  the  fact  that  the  data  were  obtained  under  the  previous  specifica¬ 
tion  (this  in  general  applies  to  maneuvers  11,  12,  13  and  1*0  and  partly 
due  to  F-4  standard  operational  procedures  (maneuvers  7,  9  and  10). 

No  change  is  therefore  recommended  for  Table  XIV,  which  in  an  actual 
procurement  would  be  tailored  to  match  the  operational  use  of  the  aircraft 

in  question. 

F.  RECOMMENDATIONS 

3.6.3  An  addition  to  the  requirement  should  be  made  as  follows: 

"3,6.3  Transients  and  Trim  Changes  -  The  transients  and  steady-state 
trim  changes  for  normal  operation  of  secondary  control  devices  (such  as 
throttle,  flaps,  slats,  speed  brakes,  deceleration  devices,  dive  recovery 
devices,  wing  sweep,  and  landing  gear)  shall  not  impose  excessive  control 
forces  or  other  objectionable  demands  on  the  pilot  to  maintain  the  desired 
heading,  altitude,  attitude,  rate  of  climb,  speed  or  load  factor  without 
use  of  the  trimmer  control.  This  requirement  applies  to  all  in-flight 
configuration  changes  and  combinations  of  changes  made  under  service  con¬ 
ditions,  including  the  effects  of  asymmetric  operations  such  as  unequal 
operation  of  landing  gear,  speed  brakes,  slats,  or  flaps.  In  no  case 
shall  there  by  any  objectionable  buffeting  or  oscillation  of  such  devices. 
More  specific  requirements  on  secondary  control  devices  are  contained  in 
3. 6. 3.1,  3.6.4,  and  3.6.5  and  in  MIL-F-9490  and  MIL-F-18372." 

3. 6. 3.1 
None 
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Table  I  (3.6.3.1,  Table  XIV) 

Pitch  Trim  Changes 

Various  Models,  C.G.  Positions  and  Loadings 


Maneuver 
cl.  Title  XIV 
MIL-F  008785A 

Initial  Trim  Condition 

Configuration 

Change 

Parameter 

Held 

Constant 

Force 

Pounds 

Reported 
Level  of 
Flying 
dualities 

Agrees 

With 

Spec? 

3.G.3.1 

Flight 

Phase 

Attiludfi 

High-Lift 

Oevicei 

md 

Viitg  Flaps 

Thrust 

m 

mmm 

Pattern  Entry 

n 

Up 

TLF 

Gen  Dawn 

Altitude 

rinrlniJnwMB 

LI 

LI 

LI 

Lt 

LI 

LI 

LI 

LI 

Lt 

LI 

LI 

Vei 

Yes 

Yei 

Yet 

Yes 

Yei 

Yes 

Yei 

Yei 

Yl! 

Yei 

N1 

!42 

N4 

194 

W 

At 

At 

At 

A1 

1412 

A4 

SI 

51 

SI 

SI 

51 

52 

52 

S2 

52 

53 

54 

© 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

4-8K 

5K-10K 

3K 

3K 

3K 

1  OK 

I0K 

tax 

10K 

5K 

ID.4K 

1B5kt 

200  ki 

1.4VSb 

1.4VSG 

1.4VSg 

210  kt 

210  ki 

210  kt 

210  hi 

250  kt 

218  kt 

up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

Gear  Down 

Gear  Down 

Gear  Down 

Gear  Down 

Gear  Down 

Gear  Down 

Gear  Dawn 

Gear  Down 

Gear  Oown 

Gear  Down 

Gear  Down 

Altitude 

Altitude 

Attitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

0 

D 

2.4  Pull 

2.0  Puli 

2.8  Pull 

07.0  Pull 

07.0  Pull 

9.Q  Pull 

8.0  Pull 

5  Pull 

3.5  Pull 

© 

PA 

Pattern  Entry 

Up 

TLF 

Flaps  Down 

Altitude 

iuTt  tiTiwi ’d" 

LI 

LI 

LI 

11 

LI 

LI 

LI 

LI 

L3 

LI 

11 

LI 

LI 

LI 

L2 

12 

L2 

L2 

LI 

Yes 

Yes 

Yes 

Yes 

Yes 

Y« 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yqs 

Ye> 

No 

Nq 

Nd 

No 

Yes 

191 

192 
194 
144 
194 
ni4 

N4 

194 

Ha 

H9 

Al 

Al 

Al 

Al 

M2 

NI4 

fJ  16 

1918 

A4 

51 

SI 

SI 

SI 

SI 

SI 

SI 

51 

52 

S2 

52 

S2 

52 

52 

53 

S3 

S3 

53 

54 

PA 

PA 

PA 

FA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

4K  to8K 

4K  la  BK 

3K 

3K 

3K 

3K 

3K 

3K 

10K 

1 0K 

1QK 

TDK 

5K 

10.3  K 

185  kt 

200  kc 

1-4VSC 

i-avsg 

MVSO 

I.4Vsg 

I.4VSe 

14Vsb 

210  kl 

21 D  kt 

21 0  kl 

210  kl 

210  kt 

200  kt 

150  kt 

212  kt 

Down 

Dawn 

Dawn 

Dawn 

□awn 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Oown 

Down 

Down 

Down 

Down 

Down 

Up 

Up 

Up 

Up 

up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

Flaps  Oown 

Flaps  Down 

Vi  Flaps  Down 

Vi  Flaps  Down 

Vi  Flaps  Down 

Flaps  Down 

Flaps  Oown 

Flaps  Dawn 

Flaps  Down 

Flaps  Dawn 

Flaps  Dawn 

Flaps  Dawn 

Flaps  Down 

Flaps  Down 

FI  ps  Dawn 

Flaps  Down 

Flaps  Down 

Flaps  Down 

Flaps  Down 

Attitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

5  Putt 

0 

.8  Pull 

2.9  Pull 

3.6  Pull 

1.6  Pull 

2.9  Pull 

1.9  Pull 
>12  Pull 

8  Pull 

8.5  Pull 

2.0  Pull 

8.0  Pull 

3.0  Pull 
frO  Pull 
*7  Pull 
kl  Pull 
*7  Pull 

4.0  Pull 

©‘ 

ti— 

Down 

TLF 

Idle  Thrust 

Airspeed 

LI 

LI 

LI 

LI 

Lt 

LI 

LI 

LI 

LI 

LI 

Yes 

Yei 

Yei 

Yes 

Ho 

Yei 

Yet 

Yei 

Yet 

Yei 

HI 

H2 

N4 

M4 

N4 

Al 

Al 

Al 

Al 

A4 

1 

m 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

4K-8K 

.SK-10K 

3K 

3K 

3K 

10K 

tOK 

I0K 

10K 

10.3K 

ifc 

Dawn 

Dawn 

Down 

Down 

Down 

Down 

Down 

Dawn 

Dawn 

Down 

Down 

Down 

Down 

Oown 

Down 

Down 

Down 

Down 

Down 

Down 

■ 

Idle  Thtusl 

Idle  Thttist 

IdleThcun 

Idle  Thfusl 

Idle  Timm 

Idle  Thiusl 

Idle  Thiusl 

Idle  Thiutl 

Idle  Thiusl 

IdleThtuil 

Airspeed 

Airspeed 

Airspeed 

Airspeed 

Airspeed 

Airspeed 

Airspeed 

Airspeed 

Airspeed 

Airspeed 

6  Pull 

0 

2.0  Pull 
.8  Pull 

10.4  Pull 

6.0  Push 

9.5  Push 

5.0  Push 

7.0  Push 

2.0  Push 

© 

PA 

Pattern  Entry 

Down 

TLr 

MAT 

Airspeed 

I  k'll— 

LI 

LI 

LI 

LI 

Lt 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

Yei 

Yei 

Yei 

Yei 

Yei 

Yei 

Yei 

Yei 

Yei 

Yes 

Yei 

Yei 

Yes 

Yes 

Yes 

Yes 

141 

N2 

N4 

N4 

N4 

Al 

At 

Al 

Al 

At 

Al 

Al 

Al 

H12 

A4 

A4 

H 

H 

PA 

PA 

PA 

PA 

PA 

PA 

PA’ 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

PA 

4K-8K 

■5K-10K 

3K 

3K 

3K 

IDK 

I0K 

JOK 

IDK 

I0K 

IDK 

10K 

IDK 

5K 

10  IK 

9.8  K 

150  kt 

130  kt 
Appioach 
Appioach 
Approach 

140  kt 

140  kt 

160  kt 

160  kt 

100  kt 
leOkt 

160  kt 

160kt 

137  kt 

149  kt 

158  kt 

Down 

Down 

Dawn 

□awn 

Down 

Oown 

Oown 

□own 

Oown 

Down 

Dawn 

Dawn 

Dawn 

Dawn 

□awn 

Down 

Dawn 

Oown 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Oowo 

Down 

Down 

Down 

Idle 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

PA 

TLF 

TLF 

MAT 

MAT 

MAT 

MAT 

MAT 

MAT 

MAT 

IKRT 

MAT 

MAT 

MAT 

MRT 

MAT 

MAT 

MAT 

MAT 

Altitude 

Altitude 

Altitude 

A’titude 

Altitude 

Attitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Angle  uf  Attack 
Attitude 

Altitude 

5  Pull 

0 

3.6  Push 

3.7  Push 

2.8  Push 

4.9  Push 

4.0  Pull 

4.5  Push 

5.0  Pull 

4.5  Pull 

7.5  Poll 

4.0  Pull 

8.0  Pull 

3  Push 

2.5  Pull 

4.0  Pull 

© 

TO 

Vi  Down 

MAT 

Gear  Up 

Attitude 

Yes 

Yei 

Yei 

1 

greiT 

jgl 

Hi 

Gear  Up 

Gear  Up 

Gin  Up 

RFC 

RFC 

RFC 

0 

0 

3.2  Push 

LI 

U 

LI 

Comments  c  unearned  with  » aimlitv  of  trim  <  huiuju 
©  These  two  trim  i.humjes  olit jinwl  with  dilfvrviit 
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Table  I  (3.6.3.1,  Table  XIV)  Con't. 
Pitch  Trim  Changes 

Various  Models,  C.G  Positions  and  Loadings 


Minauvir 
ef,  Trill  XIV 
MIL-F00S7B5A 

Initial  Trim  Condhion 

Jonfigu  ration 

Change 

Parameter 

Held 

Constant 

■ 

Reported 
Level  of 
Flying 
Qualities 

Agrees 
With 
Spec? 
3.6.3. 1 

Ret. 

Feel/Trim 

System 

Flight 

Phase 

Altitude 

Speed 

Landing 

Gear 

High-Lilt 

Device* 

ind 

Wing  Flip) 

Thrutt 

© 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

I.3VsT0 

I.3VSTO 

I3VSt0 

IDOkt 

isofct 

ZOO  kt 

210  kt 

ISO  kt 

1  BO  kl 

168  kl 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

'h  Down 
Down 

Down 

Yi  Down 
'h  Down 

Vi  Down 
'h  Down 
'h  Down 
h  Down 
h  Down 

MRT 

84  RT 

84  RT 

MRT 

MAT 

MAT 

MAT 

MRT 

MRT 

MAT 

Gear  Up 

Gear  Up 

Geai  Up 

Gear  Up 

Gear  Up 

Gear  Up 

Gut  Up 

Gear  Up 

Gear  Up 

Gear  Up 

R/C 

n/c 

n/c 

fl/C 

H/C 

R/C 

R/C 

R/C 

R/C 

R/C 

5.3  Push 

1.2  Push 

2.0  Push 

4.5  Push 

7.0  Push 

3.5  Push 

4.5  Push 

5  Push 

1.0  Push 

2.5  Pud 

LI 

LI 

LI 

LI 

L2* 

LI 

LI 

LI 

LI 

LI 

Vet 

Yei 

Yet 

Yes 

No 

Yes 

Yn 

Yes 

Yet 

Yn 

N4 

N4 

N4 

A1 

A1 

A1 

A1 

N12 

A4 

A4 

M| 

TO 

^"mln 

Min  Flapi  Up 

Up 

'h  Down 

MRT 

Flips  Up 

Airspeed 

ii 

LI 

LI 

11 

LI 

LI 

13 

U 

LI 

L2 

11 

11 

LI 

LI 

LI 

LI 

Yes 

Yes 

Yes 

Y« 

Yes 

Yw 

No 

Yei 

Yes 

Y« 

Yu 

Yes 

Yes 

Yei 

Yei 

1 

1 

73 - 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

dK-Ehi 

.5K-1DK 

3K 

IK 

3K 

3K 

SK 

SK 

5K 

SK 

7K 

5.3K 

S.4K 

175  hi 

1  BO  kl 

T5VST0 

1,5VsT0 

1.5VSto 

I.BVSto 

190  hi 

190  hi 

200  hi 

210  hi 

190  hi 

204  hi 

21Bht 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Down 

Down 
'A  Down 
'A  Down 
Down 

Down 

Down 

Down 

‘//Down 

‘/{Down 

Vt  Down 

Vt  Down 

Vt  Down 

Vi  Down 

Vi  Down 

Vt  D  own 

MRT  oe  MAT 
MRT 

MHT 

MRT 

MRT 

MAT 

MRT 

MAT 

MAT 

MAT 

MRT 

MRT 

MAT 

flipi  Op 

Flap  Up 

Flaps  Up 

Flaps  Up 

Flips  Up 

Flip  Up 

Flip  Up 

Flap  Up 

Flap  Up 

Flaps  Up 

Flaps  Up 

Flaps  Up 

Flaps  Up 

Flips  Up 

Flaps  Up 

Flips  Up 

E7E 

R/C 

R/C 

R/C 

R/C 

R/C 

R/C 

R/C 

R/C 

H/C 

R/C 

R/C 

R/C 

R/C 

0 

0 

2.4  Push 

4.0  Push 

4.7  Push 

6.1  Push 

20  Push 

5  Puih 

6.0  Push 

3.0  Push 

3.0  Pud. 

o 

5  Putt) 

S  Puth 

2.5  Puth 

4.6  Puth 

CR&CO 

k°mln  ^  ^°mui 

Level  Flight 

up 

Up 

MRT 

Idle  Thrust 

Altitude 

xiDHinnnH 

TTITIH 

Yn 

Yet 

Yet 

Yn 

Yn 

Yn 

Yn 

Yet 

N4 

N4 

At 

A1 

A1 

H12 

N12 

N12 

St 

51 

52 

S2 

52 

53 

S3 

S3 

CO 

CO 

CD 

CO 

CD 

CD 

CO 

CD 

ssk - 

35K 

30  K 

3DK 

23K 

3SK 

28  X 

SK 

Vmejt 

Vmit 

300  hi 

320  hi 

390  hi 

300  kt 

410  ht 

JUOkt 

MRT 

MRT 

MRT 

MRT 

MRT 

MRT 

MRT 

TLF 

Idle  Thrust 

Idle  Thrust 

Idle  Thrust 

Idle  Thrust 

Idle  Thrust 

Idle  Thrust 

Idle  Thrust 

Idle  Thrust 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

hO  i 

°mln  °m*>c 

Level  Flight 

Up 

Up 

S/S  Out 

Attitude 

TtTtTMBU 

LI 

Lt 

LI 

LI 

LI 

LI 

U 

LI 

Lf 

Yei 

Yes 

Yes 

Yu 

Yw 

Yw 

Yes 

Yw 

— _ 

N4 

N4 

A1 

A1 

A1 

A1 

A4 

A4 

A4 

SI 

51 

52 

S2 

S2 

S2 

S4 

S4 

54 

CD 

CD 

CO 

CO 

CO 

CO 

CR 

CO 

CR 

U 

Vrai* 

Vmx 

200  ht 

330  it 

320  kt 

380  kt 

STS  kt 

281  hi 

516  kl 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

1 

MRT 

MRT 

MRT 

MRT 

MRT 

MRT 

TLF 

MRT 

TLF 

S/S  Out 

5/B  Out 

SIB  Out,  Idle  Thtuit 
S/B  Dut,  idle  Thrust 
S/B  Out,  Idle  Thtuit 

S/B  Out,  Idle  Thrun 

S/B  Out 

S/B  Out,  idle  Thruit 
S/B  Out 

Pnlnt  of  Aim 

Point  of  Aim 
Attitude 

Attitude 

Attitude 

Attitudo 

Attitude 

Altitude 

Attitude 

2.8  Push 

2.3  Pu.h 

7.6  Pull 

3.6  Full 

8.0  Pull 

0 

4.0  Pull 

5.0  Pull 

1.5  Full 

Level  Flight 

um 

Up 

5/B  Out 

Altitude 

LI 

LI 

LI 

LI 

LI 

LI 

Yn 

Yn 

Yn 

Yes 

Yes 

Yn 

»4 

N4 

A1 

Al 

A1 

Al 

■ 

CO 

CO 

CO 

CO 

CO 

CO 

■ 

Up 

Up 

Up 

Up 

Up 

Up 

■ 

CyraHF 

TJ 

TtM 

■TJ' 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

2  •  \ 

TT7 

® 

fTirm 

mam 

Vmix  R*m* 

Up 

Up 

TLF 

S/B  Out 

i  mi  ■Mi  unman 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

LI 

11 

LI 

Lt 

Yet 

Yes 

Yn 

Yn 

Yn 

Yn 

Yn 

Yn 

No 

Yn 

Yn 

Yn 

Yn 

N4 

N4 

N4 

N4 

N4 

N41 

N4t 

N4t 

Al 

Al 

Al 

Al 

A4 

■ 

CR 

CR 

CR 

CR 

CR 

PA 

PA 

PA 

CR 

cr< 

CR 

CR 

CR 

3SK 

35K 

4K 

4K 

4K 

4K 

4K 

4K 

10K 

10K 

1QK 

1 0K 

10.4K 

VmixRinje 

Vmih  R'"J* 
VmiK  R*ni* 
Vmm  Pens* 
Vmix  RihJ* 
115VSl 
I.15VSI 
U5VSL 

280  hi 

210  hi 

300  kl 

310  hi 

301  hi 

up 

Up 

Up 

Up 

Up 

Down 

Down 

Down 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Up 

Down 

Down 

Down 

Up 

Up 

Up 

Up 

Up 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

TLF 

S/3  Out 

S/B  Out 

S/B  Out 

S/B  Out 

S/BOut 

S/BOut 

S/BOut 

S/B  Out 

S/BOut 

S/BOut 

S/BOut 

S/BOut 

S/B  Out 

Altitude 

Altitude 

Altitude 

Altitude 

Altitude 

Airspeed 

Airspeed 

Airspeed 

Attitude 

Altitude 

Altitude 

Altitude 

Altitude 

4.4  Pudl 

3.0  Puth 

4.0  Push 

3.2  Puth 

2,6  Pudl 
.6  Puth 

2.0  Pud. 

0 

14.0  Puth 

30  Puth 

20  Puth 

1.0  Puth 

4.0  Puth 

m 


*  Combined  gotr/llapfcpwd  change 
t  Speed  brakes  not  recommended  approach  drag  device 


3.6.1*  AUXILIARY  DIVE  RECOVERY  DEVICES 


A.  REQUIREMENT 

3,6,1»  Auxiliary  dive  recovery  devices.  Operation  of  any  auxiliary 

device  intended  solely  for  dive  recovery  shall  always  produce  a 

positive  increment  of  normal  acceleration »  hut  the  total  normal 

load  factor  shall  never  exceed  0.8  n  ,  controls  free. 

L 

B.  APPLICABLE  PARAMETERS 

Normal  load  factor  during/following  activation  of  any  auxiliary 
dive  recovery  device. 

C.  F-U  CHARACTERISTICS 

This  requirement  does  not  apply  to  the  F-U. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 
None. 

F.  RECOMMENDATION 
None. 
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3.6.5  DIRECT  NORMAL-FORCE  CONTROL 


A.  REQUIREMENT 

3,6.5  Direct  normal-force  control.  Use  of  devices  for  direct 
normal -force  control  shall  not  produce  objectionable  changes  in 
attitude  for  any  amount  of  control  up  to  the  maximum  available. 

ThiB  requirement  shall  be  met  for  Levels  1  and  2. 

B.  APPLICABLE  PARAMETER 

Attitude  changes  during/following  activation  of  direct  normal-force 
control  devices. 

C.  F-4  CHARACTERISTICS 

This  requirement  does  not  apply  to  the  F-4. 

D.  SUMMARY  OF  PILOT  RATINGS  AND  COMMENTS 
None. 

E.  DISCUSSION 
None . 

F.  RECOMMENDATION 
None. 
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3.7  Atmospheric  Disturbances 

Discussion 

This  section  is  entirely  new.  It  defines  the  turbulence  models  which 
a  contractor  must  vise  in  demonstrating  compliance  with  paragraphs  3.3.4, 

3. 3. 4. 1.2,  3. 5. 3. 2,  3. 5.4.1  and  3. 5-4. 2,  and  may  use  for  paragraphs  3. 2. 2.1, 
3.2.3. 4,  3. 3. 2.1,  3. 5. 3. 2,  3. 5-4.1,  and  3. 5-4. 2.  The  portions  of  these 
paragraphs  which  are  concerned  with  atmospheric  disturbances  are  all  quali¬ 
tative.  For  example,  paragraph  3. 2. 2.1  states:  "The  contractor  shall  show 
that  the  airplane  has  acceptable  response  characteristics  in  atmospheric 
disturbances."  Therefore,  the  only  methods  of  compliance  open  to  the  con¬ 
tractor  are  to  obtain  pilot  ratings  during  flight  test  or  from  a  flight 
simulator  study,  or  to  attempt  to  predict  pilot  ratings  based  on  a  theo¬ 
retical  model  of  the  pilot.  It  appears  that  there  exists  a  pressing  need 
for  quantitative  requirements  on  flying  qualities  in  atmospheric  distur¬ 


bances. 

For  the  purposes  of  this  study,  the  requirements  might  be  validated 
by  parallel  methods,  that  is: 

(1)  Flight  test;  this  would  involve  obtaining  pilot  opinion  ratings 
as  the  aircraft  performs  the  maneuvers  specified  in  the  relevant 
paragraphs,  in  actual  atmospheric  disturbances  which  are  shown 

to  be  reasonably  equivalent  to  the  models  defined  in  the  specifi¬ 
cation. 

(2)  Flight  simulation;  the  pilot  would  be  required  to  rate  the  simu¬ 
lated  aircraft's  ability  to  perform  the  required  maneuvers,  with 
the  specified  atmospheric  disturbances  as  inputs  to  the  simulator. 

(3)  Theoretical  pilot  model;  mathematical  descriptions  of  the  aircraft/ 
pilot  system  would  be  used  with  the  specified  atmospheric  distur¬ 
bances  and  maneuvers  to  obtain  predicted  pilot  ratings. 

Strict  validation  would  also  involve  a  further  study  additional  to 


any  one  of  the  above,  namely: 

(4)  Comparison  of  the  specified  atmospheric  disturbance  models  with 
actual  atmospheric  turbulence  likely  to  be  encountered  in  opera¬ 
tional  use  of  the  aircraft. 

Method  (1)  is  not  possible  for  the  P-4  because  veiy  few  ratings  directed  at 
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atmospheric  disturbances  exist,  and  no  quantitative  measure  of  the  pre¬ 
vailing  disturbances  is  available.  Methods  (2)  and  (3)  have  not  been  used 
in  available  evaluations  and  the  survey  of  (It)  has  not  been  performed  with 
specific  regard  to  the  F-lt.  Obtaining  these  data  is  outside  the  scope  of 
this  study,  and  so  validation  of  Section  3.7  is  not  feasible. 


SECTION  IV 


RELIABILITY  ANALYSIS 

This  section  describes  the  failure  data  which  were  analyzed  to  provide 
failure  probabilities  on  the  following  primary  F-l*  aircraft  systems: 

A.  Longitudinal  stability  augmentation  system 

B.  Lateral-directional  stability  augmentation  system. 

C.  Longitudinal  control  system 

D.  Lateral-directional  control  system 

E.  Flap  actuation  system 

F.  Gear  retraction  system 

G.  Weapon  release  systems 

H .  Engine  failure 

I.  Wing  and  fuselage  fuel  transfer  system 

The  failure  and  reliability  data  for  the  above  systems  are  shown  in 
Table  I  (IV). 

Failure  data  for  each  system  are  based  on  the  total  malfunctions  and 
aborts  reported  against  each  system  and/or  its  components.  Calendar  year  (CY) 
1968  failure  data  from  the  Air  Force  AFM  66-1  reporting  system  were  selected 
as  representative  data  sampling  for  probability  analysis.  These  data  provided 
by  the  Air  Force  Logistics  Command  (AFLC)  contain  reports  covering  the 
maintenance,  operational  and  failure  history  of  the  F-l*  aircraft,  which  are 
processed  through  the  MCAIR  Unified  Electronic  Data  Processing  System  (UEDPS). 
The  reporting  system  provides  failure  data  not  only  on  those  components  which 
actually  failed  but  also  on  those  which  were  replaced  for  preventative  main¬ 
tenance;  i.e.,  worn  but  still  operating  parts.  Those  components  which  were 
replaced  to  isolate  a  systems  failure,  and  subsequently  found  to  be  not 
defective  or  worn  are  not  included  in  the  data  used  in  preparing  Table  l(lV). 
Where  available,  the  most  prevalent  failure  mode  is  indicated.  Unless  other¬ 
wise  noted,  the  Mean  Time  Between  Flight  Malfunction  (MTBFM)  data  and  the  Mean 
Time  Between  Flight  Abort  (MTBFA)  data  are  based  on  a  total  accumulated  flight 
time  of  568,1:62  hours.  The  probabilities  were  based  on  the  time  of  the 
longest  operational  mission,  which  for  the  F— 1*  is  a  ferry  mission  with  in¬ 
flight  refueling  (6.29  hour  mission  time). 
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The  AFM  66-1  reporting  system  does  not  identify  the  individual  axis 
peculiar  to  several  components  of  commonality  within  the  stability  augmenta¬ 
tion  system.  At  the  suggestion  of  the  Air  Force  Flight  Dynamics  Laboratory 
(AFFDL) ,  these  few  component  failures  were  apportioned  by  theory  and  consider¬ 
ation  of  the  total  part  count  for  each  axis  system. 

The  engine  failure  analysis  was  not  baBed  on  all  modes  of  failure, 
but  is  a  count  of  all  recorded  single  or  dual  engine  flameouts  occurring 
during  1968.  The  data  were  obtained  from  Trouble  Reports,  Incident  Re¬ 
ports  ,  Accident  Reports ,  and  Unsatisfactory  Reports ,  as  detailed  engine 
failure  data  are  cot  available  through  the  AFM  66-1  reporting  system.  Each 
inflight  power  loss  was  considered  a  malfunction  if  engine(s)  restart  was 
successful;  otherwise  it  was  labeled  an  abort.  Approximately  20$  of  all 
flameouts  are  the  result  of  component  failure,  with  the  remainder  caused 
by  Foreign  Object  Damage  (, FOD )  and  pilot  mismanagement.  Twelve  flameouts, 
or  approximately  15$,  occurred  on  the  ground. 

The  smaller  sampling  of  flight  hours  on  the  weapon  release  system  is 
the  result  of  eliminating  accumulated  flight  time  on  the  RF-^C.  The  weapon 
release  failure  data  considers  only  "hung"  external  stores  and  were  accumu¬ 
lated  from  Trouble  Reports,  Incident  Reports,  Accident  Reports,  and  Unsatis¬ 
factory  Reports.  The  percentage  of  total  failures  covered  by  these  reports 
is  unknown  since  complete  reporting  is  not  required. 

The  failure  and  reliability  data  presented  in  this  section  are  in 
accordance  with  the  approach  originally  proposed.  It  would  have  been 
desirable  to  go  further  and  estimate  the  degradation  in  flying  qualities 
resulting  from  the  malfunctions  reported  in  order  to  validate  the  numerical 
probabilities  specified  in  3.1.10.2.  Several  attempts  were  made,  however, 
the  AFM  66-1  reporting  system  only  reports  that  a  component  has  failed  with¬ 
out  stating  the  precise  mode  and  effect  of  the  failure.  Many  components  can 
fail  in  different  modes ,  thereby  having  a  different  effect  on  systems  oper¬ 
ation,  and  therefore  on  flying  qualities.  For  example:  l)  a  switch  or  valve 
can  fail  open  or  closed;  2)  the  effect  of  an  actuator  failure  cannot  be 
assessed  without  knowing  at  what  point  in  the  stroke  failure  occurred;  and 
3)  a  hydraulic  leak  in  a  component  may  only  be  significant  if  it  lowers  the 
system  pressure  to  a  certain  critical  level. 


With  the  available  data,  it  was  not  even  possible  to  determine  why 
certain  failures  resulted  in  only  a  malfunction  while  others  caused  the 
flight  to  be  aborted.  A  flight  abort  can  not  be  assumed  to  always  signify 
degradation  to  Level  3  flying  qualities.  For  example,  the  pilot  could  elect 
to 'abort  upon  seeing  a  dropping  hydraulic  system  pressure,  and  be  on  the 
ground  before  the  pressure  reached  a  critical  level. 
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Failure  Data  Based  on  454,404  Aircraft  Flight  Hours  (Flight  Time  with  Stores  Unknown) 
See  Text 


SECTION  V 


SUMMARY  OF  RECOMMENDATIONS 


Tables  1  (V)  through  6  (V)  present  summaries  of  the  various  recommen¬ 
dations  made  in  this  study  concerning  Section  3  of  the  specification. 

Sections  1  and  2  consist  of  definitions  and  applicability  statements  and 

as  such  are  not  amenable  to  validation. 

When  a  specific  recommendation  concerning  a  requirement  has  been  made, 

the  recommendation  is  shown  in  an  abbreviated  form.  For  a  full  presenta¬ 
tion  of  the  recommendation,  reference  should  be  made  to  the  appropriate 
paragraph  validation  in  Section  III  of  this  report. 

For  various  reasons,  some  requirements  have  not  been  the  subject  of  a 
recommendation;  the  reasons  are  briefly  noted  in  the  Tables.  The  corres¬ 
ponding  forms  of  words  used  in  the  Tables  are  not  completely  self-explanatory 
and  their  interpretation  may  be  aided  by  the  following: 

Recommendation 

None  -  the  specification  paragraph  is  a  definition, 

description  or  title  rather  than  a  require¬ 
ment,  and  is  considered  acceptable  as 
written. 

None;  no  data  available  -  no  flight  test  data,  reliable  estimated 

data,  or  pilot  opinions  available  for 
validation  of  the  requirement. 


None-  insufficient  data  -  insufficient  flight  test  data,  reliable 

estimated  data,  or  pilot  opinions  avail¬ 
able  for  validation  of  the  requirement. 


None;  available  data  -  reasonable  quantity  of  flight  test  data, 
validate  requirement  reliable  estimated  data,  pilot  opinions 

or  any  combination  of  these  shows  good 
correlation  with  all  or  part  of  the 
requirement,  which  is  considered  acceptable 
as  written. 

None;  data  inconclusive  -  reasonable  quantity  of  flight  test  data, 

'  reliable  estimated  data,  pilot  opinions  or 

any  combination  of  these  is  available,  but 
nature  or  range  of  data  precludes  valida¬ 
tion  of  the  requirement. 


Not  applicable 


-  requirement  not  by  nature  applicable  to  the 
F-4  aircraft. 
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The  contents  of  the  Tables  are  noted  below: 


Table  1  (V)  -  3.1 
Table  2  (?)  -  3.2 
Table  3  (v)  -  3.3 
Table  4  (V)  -  3.3 
Table  5  (V)  -  3.4 
Table  6  (V)  -  3-5 

3.6 


General  Requirements 

Longitudinal  Flying  Qualities 

Lateral-Directional  Flying  Qualities 

Lateral-Directional  Flying  Qualities  (Cont'd) 

Miscellaneous  Flying  Qualities 

Characteristics  of  the  Primary  Flight  Control 
System 

Characteristics  of  the  Secondary  Flight  Control 
System 


3.7 


Atmospheric  Disturbances . 


Paragraph 


Operational  Missions 


Loadings 


3.1.10.1 


3.1.10.2 


3.1.10.2.1 
3.1.10.3 

3.1.10.3.1 


3.1.10.3.2 

3.1.10.3.3 


Configurations 


State  of  the  Airplane 


Airplane  Normal  States 
Airplane  Failure  States 

Airplane  Special  Failure  States 


Operational  Flight  Envelopes 


Service  Flight  Envelopes 


Maximum  Service  Speed 
Minimum  Service  Speed 
Maximum  Service  Altitude 
Service  Load  Factors 


Permissible  Flight  Envelopes 


Maximum  Permissible  Speed 
Minimum  Permissible  Speed 
Minimum  Permissible  Speed  Other 
Than  Stall  Speed 


Applications  of  Levels 

Requirements  for  Airplane 
Normal  States 

Requirements  for  Airplane 
Failure  States 

Requirements  for  Specific  Failures 
Exceptions 

Ground  Operation  and  Terminal 
Flight  Phases 

When  Levels  ara  not  Specified 
Flight  Outside  the  Service  Flight 
Envelope 


Table  1  (V) 

Summary  of  Results 

3.1  General  Requirements _ _ _  - 


Recommendation  _ 


Clarify  Intended  Operational  Usage.  _ 

Add  Statement  Showing  Relation  to  Normal  and  Failure  State 
Critical  Loadings  _ _ _ 


Add  Statement  Showing  Relation  to  Normal  and  Failure  State 

Critical  Loadings  _ __ _ 

Revise  to  Restrict  Applicability  to  Loads  Reasonably  Encountered.  Add 
Statement  Showing  Relation  to  Normal  and  Failure  State  Critical  Loadings 


None:  Available  Data  Validate  Requirement _ 


None:  Available  Data  Validate  Requirement 

Add  Statement  Showing  Relation  to  3.1.2, 3.1.3, 3.1.4  and  4.2 

Revise  to  Be  Consistent  with  B.7.1.  Restrict  Applicability  to  Flight1 
Phases  Subsequently  Encountered.  Reduce  Talk  of  Compliance. 

None:  No  Data  _  _ _ _ 


Nona:  Available  Data  Validate  Requirement  _ _____ 


None 


Mission  Time  Should  he  Less  Conservative. 
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Table  2  (V) 
Summary  of  Results 
3.2  Longitudinal  Flying  Qualities 


Paragraph 

Title 

Recommendation 

3.2.1 

Longitudinal  Stability  With  Respect 
to  Speed 

None 

3.2.1. 1 

Longitudinal  Static  Stability 

1)  Add  Statement  Concerning  Mechanical-Plus-Stability  Characteristics. 

2)  For  Class  IV:  Level  1 ;  Zero  Position  Gradients  For  Cat  A  and  B. 

Levels  2  +  3;  Negative  Position  Gradients  For  Cat  A, 

B  and  C.  Positive  Force  Gradients. 

3.2.1. 1.1 

Relaxation  in  Transonic  Flight 

Level  1  +  2  Boundary  For  Gradient,  G,  and  Change,  C,  Should  be 

C  +  3.3G  =  20 

3.2. 1.1.2 

Elevator  Control  Force  Variations 

During  Rapid  Speed  Changes. 

None:  Available  Data  Validate  Requirement 

3.2.1. 2 

Phugoid  Stability 

Relax  Level  2  Boundary  to  at  Least  -0.1 

3.2.1. 3 

Flight  Path  Stability 

None:  Insufficient  Data 

3.2.2 

Longitudinal  Maneuvering 

Characteristics 

None 

3.2.2. 1 

Short  Period  Response 

'  None 

3.2.2.1.1 

Short  Period  Frequency  And 

Acceleration  Sensitivity 

Insert  Statement  Concerning  Applicability  to  Stab.  Aug  or  AFCS 

3.2.Z.1.2 

Short-Period  Damping 

Relax  Requirements  to  Original  User  Guide  Data  Boundaries 

3.2.2.1.3 

Residual  Oscillations 

Relax  Level  2  Boundary  to  +  O.Sg 

3.2.2.2 

Control  Feel  and  Stability  in 

Maneuvering  Flight 

Permit  Neutral  Position  Stability  for  Level  3,  Provided  Force  Stability 
Remains  Positive 

3.2.2.2.1 

Control  Farces  in  Maneuvering  Flight 

Relax  Level  3  Minimum  Fs/p  to  2.0  Ib/g 

3.2.2.2.2 

Control  Motions  in  Maneuvering  Flight 

None:  Insufficient  Data 

3 .2.2.3 

Longitudinal  Pilot-Induced  Oscillations 

None:  Inconclusive  Data 

3;2.2.3.1 

Transient  Control  Forces 

Discretionary  Relation  for  Class  IV,  Co  Phase 

3.2.3 

Longitudinal  Control 

None 

3.2.3. 1 

Longitudinal  Contrat  in 

Unaccelerated  Flight 

None:  Available  Data  Validate  Requirement  i 

3.2.3.2 

Longitudinal  Control  in  Maneuvering 
Flight 

Nune:  Available  Data  Validate  Requirement 

3.2.3.3 

Longitudinal  Control  in  Takeolf 

Delete  Requirement  to  Obtain  Takeoff  Attitude  at  .9  V^ny 

3.2.3.3.1 

Longitudinal  Control  in  Catapult 

Takeoff 

None:  Available  Data  Validate  Requirement 

3.2.3.3.2 

Longitudinal  Control  Force  and 

Travel  in  Takeoff 

Stick  Forces  Shall  Not  be  Objectionably  Light;  5<F$<20  lb  for  Rotation 
and  Liftoff,  Class  IV 

3.2.3.4 

Longitudinal  Control  in  Landing 

For  Nosewheel  Aircraft,  Retain  Only  Requirement  to  Obtain  Guaranteed 
Landing  Speed  for  Levels  1  and  2 

3.2.3.4.1 

Longitudinal  Control  Forces 
in  Landing 

None:  No  Data 

3.2.3, 5 

Longitudinal  Control  Forces  in  Dives  • 
Service  flight  Envelope 

None:  No  Data 

3.2.3.B 

Longitudinal  Control  Forces  in  Dives  • 
Permissible  Flight  Envelope 

None:  No  Data 

3. 2.3.7 

Longitudinal  Control  in  Sideslips 

None:  Available  Data  Validate  Requirement 
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Table  3 (V) 

Summary  of  Results 
3.3  l  ateral  -  Directional  Flying  Qualities 


Paragraph 

Title 

Recommendation 

3.3.1 

Lateral-Directional  Mode 

Charactnrictics 

None 

3.3. 1.1 

Lateral-Directional  Oscillations 
(Dutch  Roll) 

None:  Available  Data  Validate  Requirement 

3.3.1.2 

Roll  Mode 

None:  Inconclusive  Data 

3.3. 1.3 

Spiral  Stability 

None:  Insufficient  Data 

3.3.1.4 

Coupled  Roll-Spiral  Oscillation 

None:  No  Data 

3.3.2 

Lateral-Directional  Dynamic  Response 
Characteristics 

None 

3.3.2.1 

Lateral-Directional  Response  to 
Atmospheric  Disturbances 

None:  Insufficient  Data 

3.3.2.2 

Roll  Rate  Oscillations 

None:  No  Data 

3.3.2.2.1 

Additional  Roll  Rate  Requirement 
for  Small  Inputs 

None:  No  Data 

3.3, 2. 3 

Bank  Anyle  Oscillations 

None:  No  Data 

3.S.2.4 

Sideslip  Excursions 

None:  Available  Data  Validate  Cat  A  Level  1  Adverse  and  Proverse: 
Others,  Inconclusive  Data 

3.3.2.4.1 

Additional  Sideslip  Requirement 
for  Shall  Inputs 

None:  No  Data 

3.3. 2.5 

Control  of  Sideslip  in  Rolls 

Nona:  No  Data 

3.3.2.G 

Turn  Coordination 

None:  No  Data 

3.3.3 

Pilot-Induced  Oscillations 

None:  No  Data 

3.3.4 

Roll  Control  Effectiveness 

Cat.  C,  Class  IV-L  and-C,  Relax  Min  t3j,to  1.3, 2.8  Secs  for  Laval  1, 3 

3.3.4.1 

Roll  Performance  for  Class  IV  Airplanes 

None 

3.3.4.1.1 

Air-to-Air  Combat 

Relax  Level  3  Requirement  to  a  Value  Related  to  breaking  off  an 
engagement  and  escape 

3.3.4.1.2 

Ground  Attack  With  External  Stores 

None:  No  Data 

3.3.4.1 .3 

Roll  Rate  Characteristics  for 

Ground  Attack 

Nans:  No  Data 

3.3.4.1.4 

Roll  Response 

None:  No  Data 

3.3, 4.2 

Aileron  Control  Farces 

None:  Insufficient  Data 

3.3 .4.3 

Linearity  of  Roll  Response 

None:  No  Data 

3.3.4.4 

Wheel  Control  Throw 

Not  Applicable 

3.3.4.S 

Rudder  Pedal-Induced  Rolls 

None:  No  Data 

3.3.5 

Directional  Control  Characteristics 

None:  Insufficient  Data 

3.3.5.1 

Directional  Control  With 

Spaed  Change 

None:  Insufficient  Data 

3.3.5. 1.1 

Directional  Control  With 

Asymmetric  Loading 

Nona:  Insufficient  Date 

3.3.5.2 

Oirectional  Control  in  Wave-Off 
(Go-Aroundl  _ 

None:  Insufficient  Data 
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Table  4  (V) 

Summary  of  Results 

3.3  lateral  •  Directional  Flying  Qualities  (Cont.) 


Paragraph 

Title 

Recommendation 

3.3.6 

Lateral-Oirpctlonal  Characteristics 
in  Steady  Sideslips 

None 

3.3.6.1 

Yawing  Moments  in  Steady  Sidelsips 

None 

3.3.6.2 

Side  Forces  In  Steady  Sidoslips 

None:  Available  Data  Validate  Requirement 

3.16.3 

Rolling  Moments  in  Steady  Sideslip; 

Negative  Dihedral  for  Levels  2  and  3  Provided  Stick  Forces  Are  Not 
Objectionable. 

3.3.6.3.1 

Exception  for  Wave-Off  (Go-Around) 

None:  No  Data 

3.3, 6.3. 2 

Positive  Effective  Dihedral  Limit 

None:  No  Data 

3.3,7 

Lateral-Directional  Control  in 

Cross  Winds 

None:  Insufficient  Data 

3.3.7. 1 

Final  Approach  in  Cross  Winds 

Relax  Sideslip  to  8°  and  Rudder  Forces  to  120  lb  Level  1, 300  lb  Level  3 

3.3.7.2 

Takeoff  Run  and  Landing  Rollout 
in  Cross  Winds 

None:  Insufficient  Data 

3.3.7.2.1 

Cold-and  Wet-Weather  Operation 

None:  Insufficient  Data 

3.3.7. 2. 2 

Carrier-Based  Airplanes 

None:  No  Data 

3.3.7.3 

Taxiing  Windspeed  Limits 

Nona:  insufficient  Date 

3.3.8 

Lateral-Directional  Control  in  Dives 

None:  No  Data 

3.3.9 

Lateral-Directional  Control  With 
Asymmetric  Thrust 

None 

3.3.9.1 

Thrust  Loss  During  Takeoff  Run 

None:  Insufficient  Data 

3.3.9.2 

Thrust  Loss  After  Takeoff 

None:  Insufficient  Data  1 

3. 3.9.3 

Transient  Effects 

None:  Available  Data  Validate  Requirement 

3.3.9.4 

Asymmetric  Thrust-Rudder  Pedals  Free 

None:  No  Data 

3.3.9.S 

Two  Engines  Inoperative 

Not  Applicable 
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Table  5  (V) 
Summary  of  Results 
3.4  Miscellaneous  Flying  Qualities 


Paragraph 

Title 

Recommendation 

3.4.1 

Approach  to  Dangerous  Flight 
Conditions 

None 

3.4. 1.1 

Warning  and  Indication 

None 

3.4.1.2 

Prevention 

None 

3.4.2 

Stalls 

None 

3.4.2. 1 

Required  Conditions 

None 

3.4.2.2 

Stall  Warning  Requirements 

None:  Available  Data  Validate  Requirement 

3.4.2.2.1 

Warning  Speed  for  Stalls  at  1  "g" 
Normal  to  the  Flight  Path 

None:  Available  Data  Validate  Requirement 

3A2.2.2 

Warning  Range  for  Accelerated 

Sta'ls 

Add  Statement  Directed  at  Artificial  Stall  Warning  Lag  for  Entry  Rates 
Lest  Than  4  kt/sec 

3.4.2.3 

Stall  Characteristics 

None:  Available  Data  Validate  Requirement 

3.4.2.4 

Stall  Recovery  and  Prevention 

None:  Available  Data  Validate  Requirement 

3.4.2.4.1 

One-Engine-Out  Stalls 

None:  No  Data 

3.4.3 

Spin  Recovery 

Consider  Revising  Demonstration  Requirements  to  Include  Evaluation 
of  Susceptibility 

3.4.4 

Roll-Pitch-Yaw  Coupling 

None:  No  Data 

3.4.5 

Control  Harmony 

Add  Statement  That  Breakout  Force  for  One  Axis  Shall  not  Exceed 
Twice  That  for  Other  Axis 

3.4.5. 1 

Control  Force  Coordination 

None:  Insufficient  Data 

3.4.6 

Buffet 

None:  Inconclusive  Data 

3.4.7 

Release  of  Stores 

None:  Available  Data  Validate  Requirement 

3.4.8 

Effects  of  Armament  Delivery  and 
Special  Equipment 

None:  No  Data 

3.4.9 

Transients  Following  Failures 

None:  No  Data 

3.4.10 

Failures 

None:  No  Data 

Paragraph 

3.5.1 

3.5.2 

3. 5.2.1 

3.5.2.2 

3.5. 2.3 

3.5.2.4 

l  me 

General  Characteristics 

Mechanical  Characteristics 

Control  Centering  and  Breakout  Forces 
Cockpit  Control  Free  Play 

Rate  of  Control  Displacement 

Adjustable  Controls 

None  _ _ _ 

None 

Relax  Upper  Limit:  Elevator  4  lb  (LI);  Aileron  2  lb  (LI),  5  lb  (L2I 
None:  Available  Data  Validate  Requirement 

None:  No  Date  Available 

None:  No  Data  Available 

3.5.3 

3.5.3. 1 

3.5.3.2 

Dynamic  Characteristics 

Delete  Numerical  Requirement-  insufficient  Substantiation  Quoted 
in  Reference  B2 

Delete  Numerical  Requirement-  Insufficient  Substantiation  Quoted 
in  Reference  B2 

None:  Available  Data  Validate  Requirement 

Control  Feel 

Damp-ng 

3.5.4 

3.5.4. 1 

3.5.4.2 

Augmentation  Systems 

Performance  of  Augmentation  Systems 
Saturation  of  Augmentation  Systems 

None:  Available  Data  Validate  Requirement 

None:  No  Data  Available 

None:  No  D?ta  Available 

3.5.5 

Failures 

None:  No  Data  Available 

3.5.5. 1 

Failure  Transients 

None:  No  Data  Available 

3.5.B.2 

Trim  Changes  Due  to  Failures 

None:  No  Data  Available  __ 

3.5.6 

Transfer  to  Alternate  Control  Modes 

‘  None:  No  Data  Available 

3.5.6. 1 

Transients 

None:  No  Data  Available 

3.5.G.2 

Trim  Changes 

None:  No  Data  Available 

3.6  Characteristics  of  Secondary  Control  Systems 


1  Paraaranh  1 

Title 

Recommendation 

Trim  System 

Trim  for  Asymmetric  Thrust 

Rate  of  Trim  Operation 

Stalling  of  Trim  Systems 

Trim  System  Irreversibility 

Relax  Level  3  Boundary:  Elevator,  20  lb;  Aileron,  10  lb 

None:  No  Data 

None:  Available  Data  Validate  Requirement 

None:  No  Data  Available 

None:  Insufficient  Data 

3.6.2 

Soeed  and  Flight-Path  Control 

Add  Statement  Directed  at  Compatibility  of  Engine  Response 
Characteristics  with  Airframe  Characteristics. 

Devices 

3.6.3 

3.6.3.1 

Transients  and  Trim  Changes 

Add  Qualitative  Statement  an  Rate  of  Trim  Change. 

None:  Available  Data  Validate  Requirement. 

Pitch  Trim  Changes 

3.6.4 

Auxiliary  Dive  Recovery  Devices 

Not  Applicable 

3.6.5 

nirHr.t  Normal-Force  Control 

Not  Applicable  -1 

3.7  Atmospheric  Disturbances 


Paragraph 

Title 

Recommendation 

3.7.1 

Through 

3.7.5 

Atmospheric  Disturb  mew 

None:  No  Data  Available 
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CONCLUSIONS 

Of  the  119  individual  specification  requirements,  ll4  were  applicable 
to  the  F-4;  five  requirements  were,  by  their  nature,  not  applicable  to  the 
F_4.  Of  the  11 4  applicable  requirements,  quantitative  and/or  qualitative 
data  were  available  on  77.  Of  these  77,  sufficient  data  were  available  to 
conduct  an  evaluation  of  54,  of  which  24  were  substantiated,  entirely  or  in 
part,  and  a  change  or  addition  was  recommended  for  the  remaining  30.  Con¬ 
clusions  concerning  all  these  individual  requirements  are  to  be  found  in 
the  appropriate  paragraphs  of  this  report. 

Some  particular  area3  of  the  specification  which  appear  to  be  in  need 
of  further  study,  either  based  on  the  authors  assessment  or  on  discrepan¬ 
cies  shown  by  F-4  data,  are  listed  below. 

1)  Longitudinal  Short  Period  Damping  Ratio  (3. 2. 2. 1.2) 

2)  Longitudinal  Pilot-Induced  Oscillations  (3. 2. 2. 3) 

3)  Roll  Mode  Time  Constant  {3. 3. 1.2) 

4)  Spin  Recovery  (3.4.3) 

5)  Control  System  Mechanical  Characteristics  (3.5*2) 

6)  Engine  Control  and  Response  Characteristics  (3.6.2) 

7)  Quantitative  Requirements  on  Atmospheric  Disturbances  (3.7) 

In  addition  to  the  above,  the  following  general  topics  are  considered  to 

be  in  need  of  further  study: 

1)  Practicability  of  the  General  Requirements  section 

2)  Speciiication  of  parameters  relevant  to  aircraft  with  stability 
augmentation  systems 

3)  Effect  of  interaction  of  'good'  and  'bad’  parameters  on  overall 
mission  capability. 

Finally,  the  authors  reached  the  following  general  conclusions  concerning 
MIL-F-008785A. 

1)  The  new  flying  qualities  specification  is  a  considerable  improve¬ 
ment  over  its  predecessors ,  and  the  User  Guide  is  an  excellent 
innovation. 

2)  The  intent  of  the  General  Requirements  section  is  understood;  how¬ 
ever  it  represents  an  obscure  and  idealistic  definition  of  a 
mammoth  task. 
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3)  In  a  number  of  cases  overly  conservative  quantitative  requirements 
have  been  specified  when  substantiating  data  are  absent,  scant  or 
inconclusive. 

4)  In  some  areas  F-4  experience  shows  that  the  amount  of  research 
effort  recently  performed,  and  hence  substantiating  data  presented 
by  Reference  B2,  is  greater  than  that  justified  by  the  signifi¬ 
cance  to  the  pilot  of  the  relevant  parameter,  e.g.,  lateral- 
directional  dynamic  response  characteristics.  In  other  areas  the 
converse  is  true,  e.g.,  control  system  mechanical  characteristics. 

5)  A  number  of  requirements  have  limited  applicability  to  aircraft 
with  artificial  stability  augmentation  systems. 

6)  The  importance  of  using  a  pilot  opinion  rating  method  such  as  the 
Cooper-Harper  scale  in  testing  for  compliance  with  qualitative 
requirements,  cannot  be  too  strongly  stressed;  the  authors  in 
many  cases  found  assigning  even  a  Level  of  flying  qualities  to  a 
qualitative  remark  was  difficult  or  impossible. 

7)  The  assessment  of  '‘poor’1  flying  qualities  is  difficult;  in  this  con¬ 
nection  Level  3  is  often  ill-defined,  e.g.  roll  performance  in 
combat . 


501 


SECTION  VII 


r«4 


REFERENCES 


The  references  are  arranged  by  subject  into  sections  as  indicated 
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Navy  Reports  Sections  (A  and  N),  the  reports  are,  in  general,  listed  in 
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handling  qualities  parameters,  not  available  from  test  data,  which  were  computed  from 
available  F-4  aerodynemic  derivatives. 

Reliability  data,  taken  from  the  operational  history  of  the  F-4,  are  included 
to  show  the  probability  of  pertinent  primary  aircraft  systems  failure  and/or  of 
mission  abort. 

The  results  of  this  study  will  aid  in  planning  future  specification  revisioi 
programs,  as  well  as  in  interpreting  and  implementing  the  present  specification. 
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